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ABSTRACT
The Dynamic Linkages Between Structural Interdependencies, Computer-Mediated
Communication, and Emergence in Newly Formed Virtual Groups
By
Erik Pesner
Advisor: Charles Scherbaum

Virtual groups and teams are increasingly common in today’s organizations, particularly since
the onset of the Covid-19 crisis. However, little is known about how specific design features
predict communicative team processes and emergent phenomena in the days immediately
following virtual team formation. This dissertation examined the effects of task interdependence
(i.e., shared resources) and outcome interdependence (i.e., shared goals and feedback) on taskoriented and relationship-oriented electronic communication between group members and
emergent group perceptions over a 5-day experimental simulation. Results showed that while the
majority of hypotheses were not supported, three key findings were culled from the analysis.
First, virtual groups that were provided shared goals and feedback engaged in substantially more
task-oriented and relationship-oriented communication across the length of the simulation than
groups that were provided with individual goals and feedback. Second, task-oriented
communication between group members predicted the emergence of cognition-based trust and
team efficacy over the first 4 days of the simulation. Finally, contrary to expectations, emergence
conformed to a nonlinear trajectory over time, as group member attitudes converged from day 2
to day 4 and diverged from day 4 to day 5 of the simulation. Implications and limitations of this
research are discussed.
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Introduction
Virtual teams are increasingly common in today’s organizations (Bell & Kozlowski,
2002; Bergiel, Bergiel, & Balsmeier, 2008; ; Feitosa & Salas, 2020; Gibson & Cohen, 2003;
Gilson, Maynard, Young, Vartiainen, & Haokonen, 2015; Hollenbeck, Beersma, & Shouten,
2012; Kozlowski & Bell 2013; Mathieu, Hollenbeck, van Knippenberg, & Ilgen, 2017; Mathieu,
Tannenbaum, Donsbach, & Alliger, 2014; Pandey & Pal, 2020). The rise of virtual teams can be
attributed to advances in communication technology and the flattening of organizational
structures (Gilson, et al., 2015; Hertel, Geister, Konradt 2005; Townsend, DeMarie, &
Hendrickson, 1998). In these distributed and decentralized organizations there is a greater
demand for fast acting teams who can communicate using technology to respond to the complex,
unexpected, and time sensitive circumstances that arise in today’s business environments
(Martin, Gilson, & Maynard 2004). Compounding these trends, the onset of the Covid-19
pandemic in 2020 has forced organizations to make rapid, large-scale transitions to virtual work
environments (Pandey & Pal., 2020), and leaders have had to rethink the ways that their teams
interact and collaborate to meet work objectives.
Given that these trends will likely lead to permanent changes in the ways organizations
operate (De et al., 2020), it is critical to expand our understanding of how virtual groups can be
optimally designed to foster effective virtual communication and create the conditions for the
emergence of performance-enabling group states. Therefore, the goal of this dissertation was to
investigate the causal relationships between team design features, computer-mediated
communication (CMC), and the emergence of group attitudes in newly formed virtual groups.
The study aimed to demonstrate how manipulations of task interdependence (i.e., distributed
resources) and outcome interdependence (i.e., shared goals & feedback) predicted the content,
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frequencies, and distributions of group CMC and created the conditions for the emergence of
team cohesion, team trust, team efficacy, and information sharing perceptions in virtual triads
over a five-day experimental simulation.
Teams: An Adaptive and Dynamic Perspective
A team can be defined to have the following qualities: (a) “two or more individuals who;
(b) socially interact; (c) possess one or more common goals; (d) are brought together to perform
organizationally relevant tasks; (e) exhibit interdependencies with respect to workflow, goals,
and outcomes; (f) have different roles and responsibilities; and (g) are together embedded in an
encompassing organizational system, with boundaries and linkages to the broader system context
and task environment (p. 79)” (Kozlowski & Ilgen, 2006). Virtual teams are distinguished from
traditional teams insofar as virtual teams require that “at least one of the team members work at a
different location, organization, or time so that communication and coordination is
predominantly based on electronic communication media (Hertel et al., 2005, p. 71)”.
Importantly, team virtuality is increasingly considered a continuous variable in the literature
(e.g., Chudoba, Wynn, Lu, & Watson-Manheim, 2005; Schweister & Duxbury, 2010), which
assumes that all teams range on a spectrum of the computer-mediated communication compared
to face-to-face communication that they exhibit.
The study of work teams in I-O psychology has blossomed in recent years (Kozlowski &
Bell, 2013; Mathieu et al., 2008; Mathieu et al., 2017). For example, in an analysis of the small
group and team research published in the Journal of Applied Psychology (JAP) over the last 100
years, Mathieu et al. (2017) reported a robust curvilinear growth trend (R2 = .81) in the frequency
of articles published between 1990 and 2015, leading them to conclude that JAP had become the
primary conduit for research on work teams (Mathieu et al., 2017). This growing preponderance
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of team research in JAP has paralleled the steady incline in the proportion of team-based work
structures adopted by Fortune 1000 companies over the past 30 years (Hollenbeck et al., 2012).
Firms are shifting to these structures because teams are better suited for tasks that are fluid and
cross-functional in nature and better equipped for the increasingly complex, uncertain, and
dynamic environments that characterize their work environments (Kozlowski & Bell 2013;
Mathieu et al., 2014; Salas, Cooke, & Rosen 2008).
Furthermore, it is clear that virtual teams in particular are becoming more prevalent
(Bergiel et al., 2008; Gibson & Cohen, 2003; Gilson et al., 2015; Martins et al., 2004). For
example, in 1998, The Wall Street Journal reported that more than half of organizations with at
least 5000 employees used virtual teams (de Lisser, 1999). Another study conducted by the
Gartner group found that 60% of professional employees work in virtual teams
(Kanawattanachai & Yoo, 2002). More recently, a survey deployed by the Society for Human
Resource Management (2012) found that 66% of multinational organizations utilize virtual
teams and 80% of these companies expect to increase the number of virtual teams they employ in
the future. The rise of virtual teams can be attributed to several factors (Bergiel et al., 2008;
Gilson et al., 2015; Townsend et al., 1998). For example, Townsend et al. (1998) argue that the
flattening of organizational structures, the increased need for intra-organizational cooperation,
changes in employee expectations around participation, the shift from a manufacturing economy
to a service and knowledge-based economy, and the globalization of corporate activity are all
factors that have contributed to the explosion of virtual teams. Most recently, the Covid-19
pandemic has resulted in the wide scale virtualization of work organizations and likely
permanent changes in the ways that organizations operate (Pandey et al., 2020).
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Inspired by these macrolevel trends, this research sought to expand our understanding of
work groups who communicate exclusively through virtual or digital channels. An experiment
was conducted to test the causal effects of virtual team design features on virtual team processes
and emergent group perceptions. Team processes are goal-directed behaviors, activities, and
communications that convert inputs (e.g., team design features) to outcomes (e.g., performance)
(Marks et al., 2001). These include task-oriented behaviors or interactions such as performance
monitoring (e.g., Cannon-Bowers, Tannenbaun, Salas, & Volpe, 1995), providing feedback (e.g.,
Dickenson & McIntyre 1997), or coordinating efforts (e.g., Brannick, Prince, Prince, & Salas
1992) as well as relationship oriented behaviors, such as providing emotional support (e.g.,
Cannon-Bowers et al., 1995), building a group member’s confidence or motivation (Fleishman &
Zacarro, 1992) or managing conflict (e.g., Jehn 1995). Meta-analytic research has provided
robust empirical support for the proposition that team processes promote performance and key
attitudinal outcomes in work teams (LePine et al., 2008).
In virtual groups, team processes often manifest as text-based CMC between team
members. A host of recent research has been dedicated to categorizing the characteristics of
CMC in virtual groups and teams (e.g., Marlow et al., 2017). Rooted in this work, we took a
dynamic approach to study CMC in virtual groups by investigating both the synchronous CMC
between group members (i.e., real time communications during three discrete task episodes) and
asynchronous CMC between group members (i.e., delayed communications in between task
episodes) over a five-day simulation. The CMC data was recorded and coded for frequency (i.e.,
number of text-based CMC messages executed by each member and group), dispersion (i.e., the
distribution of text-based CMC messages sent among members within each group), and content
(i.e., the extent to which the messages were task-oriented or relationship-oriented). Group CMC
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dispersion or within-group variability has not been explicitly studied as a construct in the
literature before. Therefore, the hypotheses that are proposed concerning group CMC dispersion
were exploratory in nature. Synchronous CMC data was collected on day 1 (Monday), 3
(Wednesday), and 5 (Friday) of the 5-day experimental simulation, when groups completed their
assigned tasks.
We also examined the impact of virtual group design and CMC on emergent phenomena,
which in this context refers to the shared values and perceptions that manifest over time from
team member interactions (Kowzlowski & Klein 1999; Marks et al., 2001). In order to assess the
dynamic qualities of emergence over an extended period of time, we surveyed participants on
day two (Tuesday), four (Thursday), and five (Friday) of the five day experimental simulation,
each time measuring perceptions of team cohesion, which refers to the attraction team members
feel toward other members, their group task or goal (Hackman 1976; Zacarro 1991), team
efficacy, which refers to the shared perception of the team’s domain-specific capabilities (Gully,
Incalcaterra, Joshi, & Beaubien, 2002), and team trust, which refers to a shared vulnerability
grounded in the positive perceptions of one’s team members (Fulmer & Gelfand, 2012), as well
as perceptions of information sharing. Group perceptions were measured on day 2 (Tuesday), 4
(Thursday), and 5 (Friday; after the task episode) of the 5-day experimental simulation, via brief
surveys administered to participants.
The goal of this dissertation was to examine these dynamic relationships in the context of
virtual groups with relatively shorter lifecycles. Although long-term, standing teams are
commonplace in organizations, shorter term, project-based groups are becoming increasingly
prevalent as organizations bring talent together with diverse sets of expertise to solve unique
problems as they arise without warning in real time. Therefore, the five-day time horizon was
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chosen intentionally, to reflect the dynamics that could emerge in these types of group or team
scenarios.
The Structural Features of Team Design
Team design features are structural parameters that are meant to enable and promote
beneficial team functioning and ultimately team performance outcomes (Cohen & Baily 1997;
Courtright et al., 2015). There are numerous ways to manipulate the parameters of a team’s
design. For example, team design features may specify the number of individuals in the team
(e.g., Martz, Vogel, & Nunamaker, 1992; Vinokur-Kaplan, 1995), the composition of those
individuals (e.g., Bell, 2007; Horwitz & Horwitz 2007), the technological or virtual
communicative context of the team (e.g., Andres 2002; Kirkman, Rosen, Tesluk, Gibson, 2004),
the collective goals that team members share with one another (e.g., Beersma, Hollenbeck,
Humphrey, Moon, Conlon, & Ilgen 2003; Schippers, Den Hartog, Koopman, & Wienk 2003),
each individual’s roles and responsibilities within the team (e.g., Sonnenwald, 1996), the team’s
tasks and objectives (e.g., Cohen & Bailey, 1997; Guzzo & Dickson, 1996; Kozlowski & Bell,
2003; Stewart and Barrick 2000), and the interdependencies that exist between team members
embedded within team task and outcome structures (Van Der Vegt, Emans, & Van De Vliert
1998; Wageman, 1995).
Although the literature on team design has done well to inform the ways in which
organizational scientists think about team success (Cohen & Baily 1997; Stewart 2006), most of
this work is limited in one of two ways. First, the majority of studies that focus on the benefits or
implications of team design use a limited number of measurement points over time (e.g., Fan &
Gruenfeld 1998; Janssen, Van De Vliert, Veenstra; Johnson et al., 2006; Katz-Navon & Erez
2005; Rico & Cohen 2001) or aggregate dependent variable scores over repeated measurements
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(e.g., Wageman 1995), which do not adequately allow for the analysis of team dynamics,
development, adaptation, and emergence (Kozlowski & Klein 2000; McGrath 1999). Second, a
portion of the literature on team design features, mostly consisting of non-experimental studies
using employee or military samples, does not actually manipulate design features but instead
examines the features of preexisting teams (e.g., Jehn 1995; Kirkman & Shapiro 2000; Langfred
2000; Mahjuka & Baldwin 1991; Mathieu, Maynard, Taylor, Gilson, & Ruddy 2007; Poon, Pike
& Tjosvold 2001). While useful, this research has thus been unable to fully capture the ways in
which team design features enable the manifestation of communication processes and emergence
of shared psychological states in initial stages of team development.
Structural Interdependence
Structural interdependence refers to design characteristics that necessitate some degree of
behavioral interdependence (i.e., communications, interactions) between team members
(Wageman, 1999). One example of structural interdependence is resource interdependence,
which is a task structure that requires team members to exchange information or other resources
with one another in order to accomplish a task. A second example is goal interdependence,
which is an outcome structure that refers to the shared goals within a team (Courtright et al.,
2015; Johnson & Johnson, 1999; Wageman 1995; 1999). Relatedly, feedback interdependence,
also an outcome structure, is defined as shared feedback on the group’s progress or performance
against their goal(s) (Nadler, 1979).
A recent meta-analysis by Courtright et al. (2015) synthesized the literature on structural
interdependence within an overarching framework. The researchers proposed that structural
interdependence is comprised of two dimensions – task interdependence and outcome
interdependence. Task interdependence is defined as “the degree to which task work is designed
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so that members depend upon one another for access to critical resources and creative workflows
that require coordinated action” (p. 1828) and is operationalized in the literature as either
input/resource interdependence or process/means interdependence. On the other hand, outcome
interdependence refers to “the degree to which the outcomes of task work are measured,
rewarded, and communicated at the group level so as to emphasize collective outputs rather than
individual contributions” (p. 1828) and is operationalized in the literature as goal
interdependence, reward interdependence and/or feedback interdependence (Courtright et al.,
2015).
The results of their meta-analysis demonstrated that task interdependence and outcome
interdependence each correlated positively to both relational-team functioning and task-focused
team functioning, which in turn each correlated positively to overall team performance. Although
this study is a key contribution to the literature, the vast majority of studies included in the
analysis were cross-sectional with data collected at a single point in time so questions around the
nature of emergence and development could not be addressed. The authors themselves noted this
limitation, stating, “In reality, the episodic nature of team functioning over time is such that the
more appropriate model… would consist of a series of recursive relationships between inputs,
processes, emergent states, and performance” (p. 1839). Courtright et al. (2015) continued by
suggesting that future research should aim to map the sequences of these variables over time,
which was the central goal of this dissertation.
The literature on virtual teams has focused even less on team design features than the
research on traditional teams (e.g., Courtright et al., 2015). Specifically, only thirteen studies to
date have explicitly considered task or outcome interdependence in virtual teams (e.g., Barkhi,
Jacobs, & Pirkhul, 2004; Bryant, Albring, & Murthy, 2009; Huang, Wei, Watson, & Tan, 2002;
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Forester et al., 2007; Hertel, Konradt, & Orlikowski, 2004; Lian, Hongyu, & Xing, 2009;
Maynard, Mathieu, Rapp, & Gilson, 2012; Pinjani & Palvia, 2013; Rack, Ellwart, Hertel,
Konradt, 2011; Rico, Alcover, Sanchez-Manzanares, & Gil, 2009; Rico & Cohen, 2005; Staples
& Webster, 2008; Ortega, Sanchez-Manzanares, Gil, & Rico, 2010). Furthermore, of these
thirteen studies, only six were experimental designs that leveraged task or outcome
interdependence manipulations as team design features (e.g., Barkhi et al., 2004; Bryant et al.,
2009; Huang et al., 2002; Lian et al., 2009; Rico & Cohen 2004; Rack et al., 2011) and only two
used repeated-measures methodologies to study team dynamics (e.g., Rico et al., 2009; Maynard
et al., 2012).
As such, the goal of this dissertation was to manipulate both task (i.e., resource)
interdependence and outcome (i.e., goal & feedback) interdependence in a virtual environment to
examine their effects on CMC and emergent phenomena in virtual groups over the five-day
simulation. The task interdependence manipulation (i.e., high vs. low resource interdependence)
was fully crossed with the outcome interdependence manipulation (high vs. low goal/feedback
interdependence). The goal and feedback manipulations were administered together, such that
groups in the high outcome interdependence condition received shared goals at the onset of the
experiment, reminders of their shared goal before their second and third task episodes, and
shared performance feedback after each of the three task episodes. The groups in the low
outcome interdependence conditions received individual goals at the onset, reminders of their
individual goal before their second and third task episodes, and individual performance feedback
after each of the three task episodes.
The goal and feedback manipulations were combined under a single outcome
interdependence manipulation because conceptually, goals specify an initial discrepancy between
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a current and desired state while feedback provides information about one’s progress against that
discrepancy over time (Austin & Vancouver 1996). Given their conceptual overlap, goal and
feedback interdependence have been combined under the label “outcome interdependence” in
meta-analytic studies of structural interdependence (e.g., Courtright et al., 2015). As the present
study aimed to explore the dynamics underpinning the earliest stages of virtual team
development, combining goal and feedback interdependence manipulations provided an intuitive
approach for investigating how collective perceptions emerge over time as a result of shared
outcome structures. Therefore, hypotheses concerning the goal interdependence manipulation
and those concerning the feedback interdependence manipulation refer to the same manipulation
– a single outcome interdependence manipulation that included both goal and feedback
interdependence manipulation
Task Interdependence. One of the most commonly studied team design features is task
interdependence or the degree of information exchange required between team members for task
completion (Courtright et al., 2015; Ilgen & Kozlowski 2006; Stewart 2006; Wageman 1999). A
group’s task can be structured in a manner that requires coordinated interaction or
communication between individuals, for example by embedding workflow interdependencies or
divergent knowledge/resources (Courtright et al., 2015; Wageman 1999). Alternatively, a team’s
task could be structured in a way that does not require these coordinated behaviors, such as by
equipping each team member with the knowledge, skills, and/or resources needed to complete all
phases and/or aspects of the task. Virtual task interdependence is a pertinent topic because, as
organizations operate within an increasingly complex and volatile business environment, they are
relying on cross-functional and project-based teams to a greater extent (Mathieu et al., 2017;
Kozlowski & Bell 2013), often brought together virtually (Bergiel et al., 2008; de Lesser, 1998;
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Gibson & Cohen, 2003), whose distributed expertise is well suited to combat additional layers of
task complexity.
Historical context of task interdependence research. The literature on task
interdependence spans back several decades (e.g., Kiggundu 1981; Mohr, 1971; Thompson
1967; Van de Ven & Ferry 1980). One of the first to theorize on the topic was Thompson (1967),
who differentiated between pooled interdependence, sequential interdependence, and reciprocal
interdependence workflow structures. Pooled interdependence task designs are characterized by
independent task completion with shared outcomes (i.e., goals, rewards). Sequential
interdependence task designs refer to situations in which the output of one team member’s work
leads to the input for another team member’s work in a fixed manner. Finally, reciprocal
interdependence task designs refer to workflow scenarios that enable collaborators to take turns
working on the task in any given order (Thompson 1967). In theory, as the degree of
interdependence increases, the degree of coordination and communication required also
increases (Van de Ven, Delbecq & Koenig, 1976) which is a proposition that this dissertation
explores within the context of newly formed virtual triads.
Although Thompson’s (1967) work on interdependence is an important contribution,
workflow interdependencies are not the only way to conceptualize task interdependence,
particularly within a work group or team context. For example, Kiggundu (1981, 1983)
operationalized task interdependence as the extent to which team members are dependent on one
another for resources, materials, or knowledge. Teams whose members each have unique access
to information or skillsets within the group are typically those that are resource dependent – they
need to coordinate and combine resources in order to accomplish their work. Years later,
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Mathieu et al. (2008) labeled the same construct as ‘input’ interdependence, as team members
may depend upon one another for more than just resources (e.g., skills, knowledge).
Following the conceptual groundwork laid out by Kiggundu (1983) and Mathieu et al.
(2008), we operationalized task interdependence as input/resource interdependence. More
specifically, a task manipulation used by previous researchers (i.e., Covert & Thomas, 1978;
Roebuck, Brock, & Moodie 2004; Thiagarajan & Parker 1999) was adapted to design three
‘murder mystery’ task scenarios that were completed by virtual triads on days one (i.e.,
Monday), three (i.e., Wednesday), and five (i.e., Friday) of the experimental simulation. Each
‘murder mystery’ task scenarios contained eighteen clues that were distributed to group members
by the administrator at the beginning of the task episode. In the high task interdependence
conditions, all three group members received a set of six unique clues. These clue sets were
constructed in such a manner that clues from multiple sets needed to be combined in order to
answer any of the murder mystery questions required to complete the task. In other words, group
members needed to communicate with one another in order to possess all of the information
required to answer their assigned questions correctly. On the other hand, in the low task
interdependence conditions, each of the three group members received all eighteen clues and
were therefore not required to communicate in order to answer their assigned questions correctly
(See Appendix H for the Task Interdependence Manipulation used in this study).
A long line of research on the hidden profile paradigm (Stasser & Titus, 1985) has
demonstrated that group members are more likely to share common information than unique
information in group decision-making contexts, even when sharing unique information is more
likely to reveal the optimal decision-choice. This literature has shown that decision-choice
quality is poorer in groups facing a hidden profile (i.e., an information distribution pattern in
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which group members each have access to some percentage of unique information) than groups
facing a manifest profile (i.e., an information distribution pattern in which group members each
have access to the full set of information) because group members have the propensity to discuss
information that has already been shared rather than share new information (Greitemeyer &
Schulz-Hardt, 2003; Lavery, Franz, Winquist, & Larson, 1999)
The task manipulation created for this dissertation contained properties of the hidden
profile paradigm. More specifically, a hidden profile corresponded with the high task
interdependence conditions (i.e., distributed knowledge) and a manifest profile corresponded
with the low task interdependence conditions (i.e., shared knowledge). However, the
manipulation used here differed from the traditional hidden profile paradigm because at the onset
of this study, participants were told whether they were going to be provided with the full set of
clues (i.e., low task interdependence conditions) or provided with a unique set of clues (i.e., high
task interdependence conditions) and they were reminded again of these instructions before their
second and third task episodes on Wednesday and Friday respectively. Although a departure
from the hidden profile paradigm, this approach was consistent and aligned with previous
research utilizing manipulations of task interdependence in virtual group settings (e.g., Rico &
Cohen, 2005).
The main effects of task interdependence in face-to-face teams. Much research has been
conducted on the effects of task interdependence on team outcomes in traditional, face-to face
teams, typically using data collected with self-report methods (Courtright et al., 2015). Within
this line of research, task interdependence is commonly framed as a primary independent
variable (e.g., Alavi & McCormick 2008; Cheng 1983; David, Pearce, & Randolph 1989; Fan &
Gruenfeld 1998; Hirst & Yetton 1999; Katz-Navon & Erez 2005; Liden, Wayne, Jaworski &
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Bennet; Mathieu, Maynard, Taylor, Gilson, & Ruddy 2007; Somech, Disililya, & Lidogoster
2009; Stewart & Barrick 2000; Van der Vegt et al 2001; Van der Vegt, Emans, Van De Vliert
2000; Wageman 1995). This work has shown that task interdependence relates positively to
emergent group properties and team processes in face-to-face teams (e.g., Alavi & McCormick
2008; Cheng, 1983; Katz-Navon & Erez 2005; Mathieu et al., 2007; Somech et al., 2009).
For example, research has linked task interdependence with the emergence of collective
efficacy (Alavi & McCormick 2008; Katz-Navon & Erez, 2005). Katz-Navon and Erez (2005)
explored how task interdependence impacts the emergence of self- and collective- efficacy in
groups. The authors postulated that teams with a high degree of task interdependence tend to
contain members who have differentiated roles and resources, and therefore need to
communicate and collaborate in a dynamic fashion to execute their work. As a result, high levels
of task interdependence should not only foster beneficial team processes but also the
psychological processes that serve as the foundation for the emergence of collective efficacy.
The researchers found that collective efficacy had emerged as a group level construct and
positively related to team performance in teams operating under high levels of task
interdependence. In contrast, for teams operating under low levels of task interdependence,
collective efficacy did not emerge as a team-level construct. Instead, self-efficacy had emerged
in these conditions, which in turn positively related to individual performance (Katz-Navon &
Erez, 2005).
Alavi and McCormick (2008) also examined the effect of task interdependence on the
emergence of collective efficacy in teams. The authors designed a two-phase study conducted on
university students performing a group task. It was hypothesized that team members who
perceived high levels of task interdependence within their teams at time one (i.e., in week 3 of a
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semester-long course) would display higher levels of collective efficacy at time two (i.e., week
10 of the course). The authors reasoned that teams who perceived higher levels of task
interdependence would engage in more productive team processes, which in turn would drive the
emergence of collective efficacy over the course of the semester. Supporting their prediction, the
authors found that collective efficacy at time two was predicted by perceived task
interdependence at time one (Alavi & McCormick, 2008).
Research has also shown that task interdependence correlates positively with team
processes (e.g., Cheng 1983; Mathieu et al., 2007; Somech et al., 2009). For example, Cheng
(1983) found a significant correlation between organizational unit interdependence and
coordination processes. On the team level of the analysis, Mathieu et al. (2007) found evidence
that team processes partially mediated the link between team-level interdependence and
outcomes. Further support for the notion that task interdependence drives beneficial group
processes comes from Somech et al. (2009) investigated the effects of task interdependence on
conflict management style and team performance. The authors found that task interdependence
was positively related to cooperative (as opposed to competitive) conflict management styles,
which in turn positively related to team performance (Somech et al., 2009).
Effects of task interdependence in virtual teams. Despite the long history of research on
task interdependence in traditional teams, there have been only a few studies to date that have
explicitly examined the effects of task interdependence in virtual teams (i.e., Ortega, SanchezManzanares, Gil, & Rico, 2010; Rico, Alcover, Sanchez-Manzanares, & Gil 2009; Rico &
Cohen, 2005).
Rico and Cohen (2005) investigated how task interdependence interacts with
communication synchrony to impact team performance. One way in which face-to-face team
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settings differ from virtual team settings is the time-lag that often exists between
communications in virtual settings (Bell & Kozlowski, 2002). The authors reasoned that because
teams working on interdependent tasks require relatively more interaction and collaboration to
complete their work, the importance of synchronous communication for teams in these
conditions would be magnified compared to teams working on independent tasks. The results
revealed a significant interaction between communication type and task structure on team
performance. In low task interdependence conditions, teams with asynchronous communication
structures outperformed teams with synchronous communication structures. On the other hand,
in high task interdependence conditions, teams with synchronous communication structures
outperformed teams with asynchronous communication structures, which demonstrated the
importance of aligning task and communication structures within virtual teams (Rico & Cohen,
2005).
Rico et al. (2009) investigated the effects of task interdependence and communication
structure the emergence of the perception of trust in virtual teams. Data was collected at three
points in time – the beginning, middle, and conclusion of an assigned team project. In the middle
of the project, the researchers found that perceptions of task-oriented communication behaviors
related positively to trust building under both high and low task interdependence conditions,
while perceptions of enthusiastic communication related positively to trust building only for
teams operating under low task interdependence. At the end of the project, perceptions of
predictable and substantive communication dimensions related positively to trust, but only for
teams under high task interdependence conditions. These results demonstrate the importance of
taking a dynamic perspective to the study of virtual team processes and emergence, as the
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authors found that different communication dimensions interact with task interdependence to
impact the emergence of trust at different stages in virtual project work (Rico et al., 2009).
Ortega et al. (2010) conducted another study on task interdependence in virtual teams.
These researchers were interested in the role of team learning in explaining the link between
perceptions of task interdependence and team outcomes in virtual settings. More specifically, the
researchers provided a conceptual model whereby beliefs about the interpersonal context (i.e.,
task interdependence, collective efficacy, and psychological safety) influence outcomes (i.e.,
team effectiveness, performance, satisfaction, & viability) directly and indirectly via team
learning behaviors (i.e., talking about key issues, seeking feedback, asking questions,
experimenting, reflecting on results, & discussing errors). The results supported the notion that
team learning processes mediate the effect of task interdependence on team satisfaction and
viability outcomes. A common limitation of the studies conducted by Rico et al. (2009) and
Ortega et al. (2010) was that task interdependence and team processes were assessed as selfreported perception, which the current dissertation addressed by manipulating task
interdependence and coding the CMC behaviors that were exhibited over the five-day
experimental simulation.
To summarize, ample research has provided support for the link between task
interdependence and beneficial team processes/emergent group perceptions in both face-to-face
(Alavi & McCormick 2008; Cheng, 1983; Katz-Navon & Erez 2005; Mathieu et al., 2007;
Somech et al., 2009) and virtual (e.g., Ortega et al., 2010; Rico et al., 2009; Rico & Cohen, 2005)
settings. Therefore, this dissertation predicted that virtual groups whose members possess unique
task-relevant resources (i.e., groups in the high task interdependence conditions) would exhibit
higher frequencies and dispersions of CMC behaviors and report higher levels of trust, cohesion,
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trust, and information sharing than groups whose members possessed the same task-relevant
resources (i.e., groups in the low task interdependence conditions).
H1a: Groups in the high task interdependence condition will perceive higher levels of
team trust than groups in the low task interdependence condition on days 2, 4, & 5.
H1b: Groups in the high task interdependence condition will perceive higher levels of
team cohesion than groups in the low task interdependence condition on days 2, 4, & 5
H1c: Groups in the high task interdependence condition will perceive higher levels of
team efficacy than groups in the low task interdependence condition on days 2, 4, & 5.
H1d: Groups in the high task interdependence condition will perceive higher levels of
information sharing than groups in the low task interdependence condition on days 2, 4,
& 5.
H1e: Groups in the high task interdependence condition will exhibit higher frequencies
of synchronous CMC than groups in the low task interdependence condition on days 1, 3,
& 5.
H1f: Groups in the high task interdependence condition will exhibit higher dispersions of
synchronous CMC than groups in the low task interdependence condition on days 1, 3, &
5
H1g: Groups in the high task interdependence condition will exhibit higher frequencies
of asynchronous CMC than groups in the low task interdependence condition on days 2
& 4.
H1h: Groups in the high task interdependence condition will exhibit higher dispersions
of asynchronous CMC than groups in the low task interdependence condition on days 2
& 4.
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This literature has also demonstrated that team members in low task interdependence
conditions are more likely to develop perceptions of self-efficacy (Katz-Navon & Erez, 2005)
than team members in high interdependence conditions. Therefore, we predicted the following:
H1i: Groups in the low task interdependence condition will perceive higher levels of selfefficacy levels than groups in the high task interdependence condition on days 2, 4, & 5.
Outcome Interdependence.
The concept of outcome independency has historical roots in Deutsch’s theory of social
interdependence (1949; 1958; 1960) (Johnson & Johnson, 1999). In essence, the theory proposes
that the way goals are structured in group situations drive the interaction patterns between group
members, which enable them to attain their goals, and/or receive the feedback or rewards linked
to that attainment (Deutsch 1949; Johnson & Johnson 1970). This conceptual linkage is why
historically shared feedback, goals, rewards have all fallen under the label, ‘outcome
interdependence’ and why they are so often studied together in the work team literature
(Courtright et al., 2015).
Social interdependence theory states that there are two basic forms of interdependence:
positive and negative. Positive interdependence or cooperative goal structures are thought to
result in promotive interactions between group members, which are behaviors that increase one
another’s chances of successful goal accomplishment. On the other hand, negative
interdependence, or competitive goal structures are more likely to lead to inhibitive interactions
or those meant to diminish other group member’s capability to attain their goal. The study of
positive and negative interdependence or cooperation and competition is one of the most
expansive areas of research in American social psychology (Johnson & Johnson 2005).

19

The applicability of Deutsch’s (1949) theory of social interdependence to the study of
work groups and teams is clear. Conceptually, a cooperative interdependence scenario motivates
working group members to engage in promotive and mutually beneficial behaviors aimed at
achieving shared work-related goals (Deutsch 1949; Johnson & Johnson 2005). On a whole, this
literature has shown that cooperative goals, shared feedback, and group rewards are linked with
both higher levels of task-focused team functioning and relational team functioning (Courtright
et al., 2015). However, the vast majority of this research is based on cross-sectional data where
the processes of emergence are assumed to have occurred, but not examined directly (Coultas et
al., 2014; Kozlowski, 2015). Consequently, the actual ways in which interdependent goal
structures dynamically influence communication behaviors and the emergence of group-level
phenomena over time has not been the subject of much research.
The experimental manipulation of outcome interdependence proposed for this
dissertation included manipulations of both goal interdependence and feedback interdependence
structures. In the high outcome interdependence conditions, groups were provided with shared
goals for group performance in the beginning of the experimental simulation and received shared
performance feedback after each of the three subsequent task episodes. Conversely, in the low
outcome interdependence conditions, group members were provided with individual goals
associated with their performance in the beginning of the experimental simulation and received
individual performance feedback after each task episode. This approach, while unable to discern
the unique effects of goals and feedback interdependencies on group processes and emergence,
provided an intuitive procedure for examining the dynamic effects of outcome interdependence
over time because goals specify initial discrepancies between current and desired states while
feedback refers to information around one’s progress towards those goals over time (Austin &
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Vancouver 1996). The conceptual groundwork and specific hypotheses concerning the predicted
effects of goal interdependence and feedback interdependence can be found at the conclusion of
their respective sections.
Goal interdependence. A goal can be defined as an internalized representation of a
future desired state (Austin & Vancouver 1996). A large body of research rooted in goal-setting
theory (Locke 1997, Locke & Latham 1990) has documented the motivating power of goals in
workplace settings, which focuses attention and effort towards goal-related activities (Locke &
Bryan, 1969; Rothkopf & Billington 1979), energizes the individual towards reaching the goal
(Bandura & Cervone, 1983; Sales, 1970), and activates task-relevant schemata that help the
person execute against the goal (Wood, Bandura, & Baily 1990).
Goals can be examined at both the individual and group level of analysis (Lock &
Latham, 1990; Wageman, 1999). In other words, people can hold both individual goals and/or
shared group goals within a team context (Campion et al., 1993; DeShon, Kozlowski, Schmidt,
Milner, & Wiechmann, 2004; Locke & Latham 2006; Mitchell & Silver 1990). For example, a
member of a sales team may have a goal of being promoted over the next 6 months to a manager
role, which is a desired future state tied to his or her own accomplishments or contributions to
the team’s performance. The same person also likely holds another goal associated with the
performance of his or her team, such as the attainment of a particular total sales output, which is
a shared future desired state tied to the success of all the members of the team. In fact, the
possession of one or more shared goals are considered a fundamental defining feature of teams
(Ilgen & Kozlowski, 2006). In essence, shared goals reflect a clearly defined purpose or the
intent of the team to accomplish their objectives (Guzzo & Shea, 1992; Hackman 1987; Perrow,
1961). Despite the notion that common goals are inherent to teams, the distinction between
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individual goal and group goal structures has not been sufficiently explored within the context of
virtual group design, development and emergence.
The effects of goal design structure in face-to-face teams. Some of the first studies that
examined goal structures in groups were interested in extending the literature on individual goals
and goal-setting theory (Lock & Latham, 1990) to group settings (e.g., Cohen 1959; Ishida 1980;
Latham & Kinne 1974; Steers & Porter 1974; Watson 1983; Zander & Newcomb 1967). This
research demonstrated that goal specificity and goal difficulty, which are both critical factors
related to goal setting practices for individuals (Locke & Latham 1990; 2006), are also important
to consider in team settings.
Several subsequent studies and reviews, mostly rooted in goal-setting theory (Lock &
Latham, 1990), examined the impact of goal setting on group performance (e.g., Anderson,
Crowell, Doman, & Howard, 1988; Buller 1988; Lee, 1988; Smith, Locke, & Barry 1990;
Weldon, Jehn, & Pradhan, 1991). One group of researchers meta-analyzed this body of literature
to determine the nature of the effect of group goals on group performance and to shed light on
how certain goal characteristics (i.e., goal specificity, difficulty, and source) moderate the
relationship (O’Leary-Kelly, Martocchio, & Frink, 1994). Their results showed that the mean
performance level of groups that possessed goals was nearly a standard deviation higher than the
mean performance levels of the teams that did not. Although this study provided strong evidence
that shared goals improve team performance, it did not address how group goals impact the rich
diversity of group processes and phenomena that emerge over time, which are also important to
understand within the context of team development and functioning.
Social interdependence theory (Deutsch, 1949; 1973) is a conceptual framework better
suited to address the multifaceted ways in which goal interdependence promotes group processes
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and emergent phenomena in team settings (Johnson & Johnson 1989). For example, cooperative
goal interdependence in teams has been linked with team cohesion (Chen et al., 2009),
transactive memory systems (Zhang et al., 2007), innovative behaviors (Van der Vegt &
Janzeen, 2003), cooperative behaviors (Aritzeta & Balluerka, 2006; Mitchell & Silver, 1990),
motivational processes (Hertel et al., 2004), constructive controversy (Wang et al., 2010), open
discussions during conflict (Poon, Pike, and Tjosvold, 2001), applying abilities for mutual
benefit (Tjosvold & Yu, 2004), team reflexivity (Tjosvold et al, 2004), open minded discussions
and confidence in the team (Alper et al., 1998), task strategy (Saavedra et al., 1993) and a
problem-solving orientation (Tjosvold et al., 2004). Furthermore, meta-analytic research has
concluded that goal interdependence is related to both person- and task-oriented team
functioning (Courtright et al., 2015).
In general, the literature that links structural goal interdependence with team processes
and emergence can be divided into two buckets. The first bucket contains survey-based research
that operationalizes goal interdependence or cooperative goal setting as a continuous variable
measured via self-report as part of a survey or questionnaire (e.g., Alper et al., 1998; Antoni,
2005; Chen et al., 2009; Hertel et al., 2004; Tjosvold et al., 2004; Tjosvold & Yu 2004; Zhang et
al., 2007). The second bucket contains mostly single time-period experimental studies that
demonstrate the differential effects of individual, cooperative, and competitive goal structures on
subsequent team functioning and performance (e.g., Crown & Rosse, 1995; DeShon et al., 2004;
Huang, Wei, Watson, & Tan, 2002; Mitchell & Silver 1990; Saavedra et al., 1993).
Survey-based school of research. The first school of research utilizes surveys to
investigate the links between perceptions of team goal interdependence or cooperative goal
setting and other team-related attitudes. For example, Alper et al. (1998) looked at the effects of
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cooperative goal structures in a field sample of autonomous decision-making teams. The authors
postulated and found that that individuals who perceived that their team possessed a cooperative
or shared goal structure were more likely to engage in constructive controversy with their team
than those who perceived that their team possessed competitive or individual goal structures and
that constructive controversy positively effected team effectiveness via a greater sense of team
confidence (Alper et al., 1998).
Chen, Tang, and Wang (2009) provided another example of a survey-based study that
investigated perceptions of cooperative goal structures. These authors were interested in
exploring the link between cooperative goal structures on supervisor ratings of employee
organizational citizenship behaviors (OCB) in an applied sample of R&D department employees
in Taiwan. They adopted a model whereby goal interdependence was hypothesized to relate
positively to OCBs via an increased sense of team cohesion, defined as the extent to which team
members perceive a closeness and attachment of members to the team (Dobbins & Zaccaro
1986). They reasoned that because goal interdependence fosters cooperative behaviors towards
the mutual benefits of group member (Johnson & Johnson 1989), the closeness and attachment
individuals feel towards their team would increase under these conditions more so than they
would under competitive conditions that are less likely to promote the development of these
norms. The findings supported their prediction that goal interdependence relates positively to
OCBs via increased team cohesion (Chen et al., 2009).
Hertel et al. (2004) conducted a study that examined the effect of goal interdependence
on team processes and effectiveness in both face-to-face and virtual settings. They postulated
that the beneficial effects of structural interdependence on team processes and effectiveness
would be greater for virtual teams than for face-to-face teams. Observing that virtual teams are
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more likely to suffer from motivational issues due to infrequent face-to-face contact (McGrath &
Berdahl, 1998; Moore, Kurtzberg, Thompson, & Morris, 1999; Valacich, Dennis, & Nunamaker,
1992), the authors reasoned that structural interdependencies, such as shared goals are especially
important sources of motivation for virtual team members to align around their objectives and
function effectively as a unit. These researchers proposed a conceptual model whereby structural
forms of interdependence (i.e., goal interdependence, task interdependence, and reward
interdependence) effect motivational processes at the individual level (i.e., valence,
instrumentality, self-efficacy, and trust), which in turn effect individual motivation, individual
performance, and team effectiveness in virtual teams. The results demonstrated that perceptions
of cooperative goal setting were positively related to all four VIST components and to team
effectiveness (Hertel et al., 2004).
To summarize, the survey-based line of research provides substantial evidence for the
links between perceptions of goal interdependence and several team processes/emergent
phenomena, such as constructive controversy (Alper et al., 1998), group confidence (Alper et al.,
1998), cohesion (Chen et al., 2009), efficacy (Hertel et al., 2004) and trust (Hertel et al., 2004).
However, there are two important limitations of these studies. First, studies that use common
methods (e.g., self-report/survey methods) to assess relationships with multiple variables within
individuals are prone to common method variance (CMV) (Podsakoff, Mackenzie, Lee, &
Podsakoff 2003). This dissertation reduced the risk of CMV by offering experimental
manipulations and multiple measurement strategies (i.e., self-reported perceptions and behavioral
CMC recording). Second, because the studies are typically administered during a single time
period, emergent processes can only be assumed and not actually mapped (Coultas et al., 2014;
Kozlowski, 2015). The current study manipulated goal interdependence in an investigation of
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emergence by using a repeated measures approach to collect CMC data and attitudinal data over
a five-day simulation.
Experimental school of research. In contrast to the survey-based line of research, the
experimental line of research incorporates manipulations to test the causal effects of structural
goal interdependence on subsequent team processes and performance (e.g., Crown & Rosse
1995; Huang et al, 2002; Matsui et al., 1987; Mitchell & Silver 1990). However, only one of
these studies was conducted on virtual teams (e.g., Huang et al., 2002) and none of them
contained multiple measurement periods over time.
Matsui et al. (1987) published one of the first studies to test the differential impact of
individual goal setting and group goal setting on performance in teams. They designed an
experiment with two experimental conditions: a group goal condition and an individual goal
condition. In the group goal condition, dyads were instructed to discuss and decide both the score
that their team would aim for (i.e., group goal) as well as each team member’s contribution to
their team’s score (i.e., individual goal). In the individual goal condition, each participant set a
personal goal for his or her own performance on the task. Participants in both conditions were
incentivized with a financial reward that would be given to the highest performing six teams (in
the group condition) or individuals (in the individual condition). The authors found that the
subjects in the group goal setting condition performed significantly better than the subjects in the
individual goal setting condition via an increased sense of goal acceptance (Matsui et al., 1987).
Mitchell and Silver (1990) conducted another experiment that examined the causal
effects of goal structures on team functioning and performance. They designed an experiment to
test the differential effects of four goal-setting conditions (i.e., no specific goal, group goal,
individual goal, and individual plus group goal) on both perceptions and behavioral measures of
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task strategies (i.e., cooperative and competitive) and performance. Unlike the study conducted
by Matsui et al. (1997), these authors were interested in exploring the effects of different goal
structures within the context of a highly interdependent team task. The authors found that
individual goals led to significantly higher levels of competitive behaviors and significantly
lower levels of cooperative behaviors than any of the other three goal structure conditions
(Mitchell & Silver 1990), which highlights the importance of setting group goals that facilitate
the attainment of individual goals when groups are working on highly interdependent tasks.
Crown and Rosse (1995) published another study to examine the causal impact of goal
interdependence structures on subsequent team processes. In their experiment, participants were
either provided with 1) no assigned goal, 2) a group goal, 3) an egocentric individual goal, 4) a
group-centric individual goal, 5) a group goal and an egocentric individual goal, or 6) a group
goal and group centric individual goal. The procedure consisted of an interdependent task
whereby team members each had to contribute unique letters to form words in a limited amount
of time. The results showed that the performance in groups with both group goals and group
centric individual goals outperformed groups in the other conditions. This study contributed to
the literature by introducing greater nuance to the operationalization of group goal structures.
Huang et al. (2002) designed an experimental procedure to explore the causal effects of
goal interdependence on team cohesion, commitment, and collaboration climate and performance
in both face-to-face and virtual teams. The researchers offered a 2x2 fully crossed experimental
design in which they manipulated team type (i.e., face-to-face vs. virtual) and goal structure (i.e.,
group goalsetting vs. no goalsetting). They adapted a business decision-making task from
Chidambaram, Bostrom, and Wynne (1991) that required groups (who took on roles as corporate
board directors) to expand their corporation in order to diversify their business using background
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information that was provided about the geopolitical context. The researchers found that virtual
teams in the group goal-setting condition reported higher levels of team cohesion, team
commitment, a collaborative team climate, perceived decision quality, and generated more
decision alternatives than both face-to-face and virtual teams in the conditions without goalsetting, suggesting that cooperative goalsetting may be more important for virtual teams than for
face-to-face teams. It is the only study that we are aware of to offer an experimental design with
a goal structure manipulation in a virtual team setting. In doing so, it provides evidence for the
causal effects of goal structures on important team attitudes (i.e., team commitment, cohesion,
collaborative climate) and team effectiveness in these settings (Huang et al., 2002).
To summarize, the second school of research demonstrates the powerful effects that
different goal structures have on team effectiveness. However, all of the aforementioned studies
utilized single time-point administrations (e.g., Crown & Rosse 1995; Huang et al., 2002; Matsui
et al., 1987; Mitchell & Silver 1990) and were thus unable to study the dynamic effects of goal
structures on communication behaviors and emergent phenomena. Furthermore, the majority of
these studies measured perceptions of team processes rather than the actual behaviors exhibited
by team members. Nevertheless, both schools of research converged around the notion that
interdependent goal structures promote beneficial team processes and the growth of emergent
phenomena (e.g., Chen et al., 2009; Crown & Rosse; Hertel et al., 2004; Huang et al., 2002;
Mitchell & Silver 1990; Saavedra et al., 1993; Tjosvold et al., 2004; Tjosvold & Yu 2004; Zhang
et al., 2007). Therefore, we proposed that compared with individually held goals, shared goals
would promote higher frequencies and dispersions of CMC and the emergence of group level
trust, efficacy, cohesion, and information sharing perceptions in virtual groups over the five-day
simulation.
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H2a: Groups in the high outcome interdependence condition will perceive higher levels
of team trust than groups in the low outcome interdependence condition on days 2, 4, & 5
H2b: Groups in the high outcome interdependence condition will perceive higher levels
of team cohesion than groups in the low outcome interdependence condition on days 2, 4,
&5
H2c: Groups in the high outcome interdependence condition will perceive higher levels
of team efficacy than groups in the low outcome interdependence condition on days 2, 4,
&5
H2d: Groups in the high outcome interdependence condition will perceive higher
information sharing than groups in the low outcome interdependence condition on days 2,
4, & 5
H2e: Groups in the high outcome interdependence condition will exhibit higher
frequencies of synchronous CMC than groups in the low outcome interdependence
condition on days 1, 3, & 5
H2f: Groups in the high outcome interdependence condition will exhibit higher
dispersions of synchronous CMC than groups in the low outcome interdependence
condition on days 1, 3, & 5.
H2g: Groups in the high outcome interdependence condition will exhibit higher
frequencies of asynchronous CMC than groups in the low outcome interdependence
condition on days 2 & 4.
H2h: Groups in the high outcome interdependence condition will exhibit higher
dispersions of asynchronous CMC than groups in the low outcome interdependence
condition on days 2 & 4
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The Combined Effects of Task and Goal Interdependence. In an effort to clarify the
link between various forms of structural interdependence, several researchers have examined the
effects of outcome interdependence structures in conjunction with the effects of task
interdependence structures on subsequent team processes, emergent phenomena, and
performance (e.g., Allen et al., 2003; Courtright et al., 2015; Fan & Gruenfeld, 1998; Kirkman &
Shapiro 2000; Wageman 1995; Wageman & Baker 1997).
The differential effects of task and outcome interdependence. Recent meta-analytic
research by Courtright et al. (2015) uncovered systematic differences between the effects of task
interdependence and outcome interdependence structures on team processes, emergence, and
effectiveness. The researchers found that task interdependence had a greater effect on taskfocused team functioning (e.g., collective efficacy; transition/action processes) than outcome
interdependence while outcome interdependence had a greater effect on relational team
functioning (e.g., team cohesion & interpersonal team processes) than task interdependence
(Courtright et al., 2015).
Courtright et al. (2015) argued that task interdependent team structures encourage
collaboration between team members, because in these settings team members depend upon one
another for critical resources or capabilities to accomplish their task (Brass & Burkhardt, 1993;
Kiggundu, 1983; van der Vegt et al., 2000). Furthermore, when operating within interdependent
workflow structures, teams are explicitly designed to enable task-oriented communications and
coordination between team members (Van De Ven et al., 1976). Research has also demonstrated
that team members who are required to interface are more likely to share information,
coordinate, and engage in joint decision-making, (Gruenfeld, Mannix, Williams, & Neale, 1996;
Okhuysen, 2001; Rockett & Okhuysen, 2002), which in turn helps drive collective efficacy
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perceptions (Alavi & McCormick, 2008). On the other hand, Courtright et al., (2015) postulated
that group members with interdependent outcomes, such as shared goals and feedback are more
motivated to develop prosocial relationships with their peers. This is because shared outcome
structures drive cooperative interpersonal behaviors aimed at encouraging team success (Johnson
& Johnson 1999). Shared outcomes can also promote the commitment team members have for
one another and deepen their bonds, resulting in greater team cohesion (van der Vegt, de Jong,
Bunderson, & Molleman, 2010; van der Vegt et al., 2000).
Consistent with the organizing framework used by Courtright et al. (2015), this
dissertation manipulated both task (i.e., resource) interdependence and outcome (i.e., goal &
feedback) interdependence to examine the effects of these design structures on task-oriented and
relationship-oriented CMC and emergence trajectories in newly formed groups. First, we
predicted that task interdependence would have a stronger effect on the frequency and dispersion
of task-oriented CMC and the emergence of collective efficacy than outcome interdependence.
H3a: Task interdependence will have a larger positive effect on the frequency of
synchronous task-oriented CMC on days 1, 3 & 5 than outcome interdependence.
H3b: Task interdependence will have a larger positive effect on the dispersion of
synchronous task-oriented CMC on days 1, 3 & 5 than outcome interdependence.
H3c: Task interdependence will have a larger positive effect on the frequency of
asynchronous task-oriented CMC on days 2 & 4 than outcome interdependence.
H3d: Task interdependence will have a larger positive effect on the dispersion of
asynchronous task-oriented CMC on days 2 & 4 than outcome interdependence.
H3e: Task interdependence will have a larger positive effect on collective efficacy on
days 2, 4 & 5 than outcome interdependence.
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Second, we predicted that outcome interdependence would have a stronger effect on the
frequency and dispersion of relationship-oriented CMC and team cohesion than task
interdependence.
H4a: Outcome interdependence will have a larger positive effect on the frequency of
synchronous relationship-oriented CMC on days 1, 3, & 5 than task interdependence.
H4b: Outcome interdependence will have a larger positive effect on the dispersion of
synchronous relationship-oriented CMC on days 1, 3, & 5 than task interdependence.
H4c: Outcome interdependence will have a larger positive effect on the frequency of
asynchronous relationship-oriented CMC on days 2 & 4 than task interdependence.
H4d: Outcome interdependence will have a larger positive effect on the dispersion of
asynchronous relationship-oriented CMC on days 2 & 4 than task interdependence.
H4e: Outcome interdependence will have a larger positive effect on team cohesion on
days 2, 4, & 5 than task interdependence.
Feedback interdependence. Feedback is a transfer of information intended to reinforce,
guide, or motivate effective behaviors and/or reduce ineffective behaviors (Gabelica, Bossche,
Segers, & Gijselaers 2012; London 2003). The relationship between individual feedback and job
performance in organizations is a topic with a long history of research (e.g., Alvero, Bucklin, &
Austin, 2001; Gabelica et al., 2012; Guzzo, Jette, & Katzell; Kluger & DeNisi, 1996; Mento,
Steel, & Karren, 1987; Nadler 1979; Neubert 1998; Smither, London, & Rielly 2005). This
research has demonstrated that the effects of individual feedback on an employee’s job
performance depend in part on the structural characteristics of the feedback provided to the
recipient. For example, in a seminal paper, Ilgen et al. (1979) argued that the sign, signal, timing,
and relevance of the feedback messaging are all important structural factors that influence the
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way in which it is received, accepted, and responded to by recipients (Ilgen et al., 1979). Several
subsequent studies have also highlighted the role of structural characteristics in the link between
individual feedback and job performance (e.g., Hinsz, Tindel, &Vollrath 1997; Kluger & DeNisi,
1996). However, despite the strong contributions of these works, the structural conditions under
which feedback is most effective in work teams, especially in virtual contexts, are far less well
understood (Gabelica et al., 2012; Geister, Konradt, & Hertel 2006).
It is surprising that the effects of feedback on group functioning and effectiveness have
not been the subject of more research, given that feedback is a critical lever for team learning and
development (Gabelica et al., 2012; Kozlowsk & Ilgen, 2006; London & Sessa, 2006). The role
of feedback in virtual teams has been even less frequently investigated, with only a few studies
empirically investigating the effects of feedback in these settings to date (e.g., Geister et al.,
2006; Konradt, Schippers, Garbers, & Steenfatt, 2015; Penarroja, Orengo, Zornoza, Sanchez, &
Ripoll, 2015). Given the continued trend towards virtual teams (Bergiel et al., 2008; Gilson et
al., 2015; Feitosa & Salas, 2020; Hertel et al., 2004; Kozlowski & Bell, 2013; Mathieu et al.,
2013), coupled with the challenges they face in offering feedback without face-to-face
interaction (Hertel et al., 2004), this research aimed to gain a deeper understanding of the impact
of written, electronically administered performance feedback on group team development and
emergence.
The effects of feedback structure in face-to-face teams. Nadler (1979) provided the first
systematic review of the effects of feedback on group behavior. He introduced a typology that
was used to categorize and analyze the body of experimental research on this topic at the time.
Nadler’s (1979) typology consists of three buckets: 1) individual feedback, which refers to
feedback provided outside of any social influence, 2) individual feedback in groups, which refers
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to feedback provided about an individual’s performance or functioning within a group setting,
and 3) group feedback, which refers to feedback provided about the group to all members
(Nadler, 1979).
Nadler (1979) argued that the structure of feedback for groups is inherently different than
the structure of feedback for individuals for at least two reasons. First, the nature of the
information provided is more complex in group settings because it is confounded by the
behaviors and actions of other group members. In other words, feedback on a group’s
performance outcome may not be easily retraceable to the contributions of specific group
members. Second, in group settings, individuals are more limited in their ability to effectively
respond to feedback, especially when under the constraints of particular task structures (Steiner,
1972). Therefore, when provided with group feedback, individuals have less control over the
group’s response than they would when provided with individual feedback (Nadler, 1979).
The review by Nadler (1979) demonstrated that group-level feedback was more effective
for teams performing a task that required a high degree of interdependence than for teams
performing a task that required a low level of interdependence. The findings also suggested that
individual- and group-level feedback structures had differential effects on attitudes and
performance variables. More specifically, group-level feedback was more likely to promote
positive attitudes towards the group (e.g., attraction, involvement) whereas individual-level
feedback (in group settings) was more likely to promote increased individual performance
(Nadler 1979).
The most recent review and analysis of the literature on feedback in groups and teams
comes from Gabelica et al. (2012), who proposed that feedback interventions in groups can be
characterized in terms of three structural factors: feedback level, feedback type, and feedback
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combination. Feedback level refers to whether the feedback is being provided to the individual or
to the group, feedback type refers to whether the feedback concerns performance or processes
(e.g., cognitive or interpersonal mechanisms), and feedback combination refers to whether the
feedback intervention is isolated from or combined with a larger treatment, training, or program.
The researchers largely supported their hypotheses that these three feedback characteristics
influence team outcomes, team processes, and emergent states via team feedback perceptions and
on individual outcomes via individual feedback perceptions (Gabelica et al., 2012).
The effects of feedback structure in virtual teams. Despite the contributions of the
aforementioned research reviews, none of them focused on or discussed feedback within the
context of virtual teams. Given the increasing role that virtual teams play in organizations today
(Bergiel et al., 2008; Gilson et al., 2015; Hertel et al., 2004; Kozlowski & Bell, 2013; Mathieu et
al., 2013), it is important to gain a better understanding of the ways in which shared performance
feedback influences development and emergence in these settings.
Several researchers have made the case that feedback is a particularly important lever for
the development of virtual teams (e.g., Duarte & Snyder, 2001; Jarvenpaa & Leidner 1999;
Dennis & Valacich, 1999). For example, Duarte and Snyder (2001) argued that it is critical for
virtual team leaders to provide their teams with regular performance feedback because team
members typically perform with greater autonomy in virtual settings. Jarvenpaa and Leidner
(1999) postulated that peer-to-peer feedback is important for fostering trust in globally
distributed virtual teams. Dennis and Valacich (1999) posited that feedback immediacy is a
critical criterion when considering different forms of communication media in virtual teams.
However, despite the sound logic of these conceptual arguments, only three studies to our
knowledge have empirically examined the effects of feedback on team processes and emergent
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phenomena in virtual teams (i.e., Geister et al., 2006; Konradt et al., 2015; Penarroja et al.,
2015).
The first of these studies was conducted by Geister et al. (2006), who found that group
process feedback had a positive effect on performance via the emergence of trust perceptions in
dyads with initially less motivated team members. This research provided initial evidence of the
utility of feedback in virtual groups and highlighted the important role of team trust in that
context (Geister et al., 2006).
Penarroja et al. (2015) also pinpointed trust as a relevant factor in the study of feedback
in virtual groups. The authors postulated that trust would moderate the indirect effect of group
feedback (operationalized as both outcome and process feedback) on team learning via
information elaboration in virtual teams. Their findings suggested that team feedback had a
particularly beneficial impact on group information elaboration and team learning when team
trust was high, supporting their prediction that trust would moderate the effect of team feedback
on subsequent team functioning (Penarroja et al., 2015).
Konradt et al. (2015) provided a third study to investigate the effects of feedback in
virtual groups. These authors were interested in understanding the effects of guided team
reflexivity, defined as “the extent to which team members reflect upon the team’s objectives,
strategies, and processes (West, 1996, p. 559)”, and team process feedback, on subsequent group
processes, emergence, and performance (Konradt et al., 2015). They argued that guided
reflexivity in combination with group process feedback would trigger reflection processes
whereby team members would be better able to assess their current state, develop shared mental
models, and adapt their behavior as needed to work together effectively. They also designed their
study to compare the impact of group feedback (and guided reflexivity) in virtual teams with the
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impact of these manipulations in face-to-face teams (Kondraft et al., 2015).
The researchers found that teams who received both the guided reflexivity intervention
and the group process feedback intervention reported the highest levels of team reflection, which
related positively to team adaptation and performance improvement. They also found that faceto-face teams and virtual teams did not respond differently to guided reflexivity and group
feedback interventions. This study, along with the research by Geister et al. (2006) and Penarroja
et al. (2015) are important contributions that provided precedent for this dissertation, which more
formally explored the day-to-day effects of structured group performance feedback on CMC and
emergence in virtual triads.
To summarize, the research on feedback in groups and teams has demonstrated that the
structural characteristics of feedback influence subsequent team processes, emergence, and
performance (e.g., Alvero et al., 2001; Gabelica et al., 2012; Nadler 1979). A small subset of this
literature has demonstrated that these effects can remain present in virtual team settings (i.e.,
Geister et al., 2006; Konradt et al., 2015; Penarroja et al., 2015). However, more research is
needed to better understand the dynamic ways in which performance feedback impacts
communication processes and emergence in virtual settings.
The dynamic effects of performance feedback. Jung and Sosik (2003) conducted a study
that examined the dynamic effects of group feedback on collective efficacy and subsequent
performance. In their study, student teams reported on their perceptions on team potency, team
efficacy, and their team’s effectiveness before and after receiving performance feedback on their
first team project. The research offered several interesting findings. First, performance at time
one related positively to group potency and group efficacy at time two (seven weeks later),
supporting the notion that group feedback relates positively to emergent phenomena. Second,
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their study provided evidence that collective efficacy emerges over time. Group member
perceptions of group potency, group efficacy, and group effectiveness varied significantly within
groups prior to working together but became significantly more homogenous after receiving
performance feedback on their first team project (Jung & Sosik, 2003). In other words, prior to
the team receiving feedback on their first project, group potency and collective efficacy had no
basis from which to emerge. However, these perceptions become aligned after team members
received shared feedback on their effectiveness.
This dissertation examined the ways in which feedback promotes homogeneity or
alignment in group member perceptions over time. More specifically, we postulated that on the
individual level of analysis (reflected in the low outcome interdependence conditions) group
members would be relatively less aware of the quality of their fellow members’ contributions
while on the group level of analysis (reflected in the high outcome interdependence conditions),
group members would be relatively more aware of the quality of their fellow members’
contributions. Consistent with the finding by Gabelica et al. (2012) that group performance
feedback facilitates group processes and the emergence of group states (i.e., convergence of
group members perceptions), we predicted that member perceptions of groups operating in high
outcome interdependence condition (i.e., shared feedback) would converge to a greater extent
and that this effect would become larger over time.
H5a: Groups in the high outcome interdependence conditions will have less within-group
variability in perceptions of team trust than groups in the low outcome interdependence
conditions on days 2, 4, & 5.
H5b: Groups in the high outcome interdependence conditions will have less within-group
variability in perceptions of team cohesion than groups in the low outcome
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interdependence conditions on days 2, 4, & 5.
H5c: Groups in the high outcome interdependence conditions will have less within-group
variability in perceptions of team efficacy than groups in the low outcome
interdependence conditions on days 2, 4, & 5.
H5d: Groups in the high outcome interdependence conditions will have less within-group
variability in perceptions of information sharing than groups in the low outcome
interdependence conditions on days 2, 4, & 5.
H6a: There will be an interaction between outcome interdependence and time such that
the variability in perceptions of team trust will decrease over time for groups in the high
outcome interdependence conditions, but not for groups in the low outcome
interdependence conditions.
H6b: There will be an interaction between outcome interdependence and time such that
the variability in perceptions of team cohesion will decrease over time for groups in the
high outcome interdependence conditions, but not for groups in the low outcome
interdependence conditions.
H6c: There will be an interaction between outcome interdependence and time such that
the variability in perceptions of team efficacy will decrease over time for groups in the
high outcome interdependence conditions, but not for groups in the low feedback
interdependence conditions.
H6d: There will be an interaction between outcome interdependence and time such that
the variability in perceptions of information sharing will decrease over time for groups in
the high outcome interdependence conditions, but not for groups in the low outcome
interdependence conditions
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We also suggested that the interactions required by group members in high task
interdependence conditions would provide an alternative mechanism through which group
members could discern the effectiveness of their peers and align their group-related perceptions.
Therefore, for groups in the low outcome interdependence conditions, we expected perceptions
to converge to a greater degree for groups operating under high task interdependence than for
groups operating under low task interdependence and for this effect to become greater over time.
H7a: Groups in the low outcome interdependence conditions will have less within-group
variability in perceptions of team trust when operating under high task interdependence
than when operating under low task interdependence on days 2, 4, & 5.
H7b: Groups in the low outcome interdependence conditions will have less within-group
variability in perceptions of team cohesion when operating under high task
interdependence than when operating under low task interdependence on days 2, 4, & 5
H7c: Groups in the low outcome interdependence conditions will have less within-group
variability in perceptions of team efficacy when operating under high task
interdependence than when operating under low task interdependence on days 2, 4, & 5.
H7d: Groups in the low outcome interdependence conditions will have less within-group
variability in perceptions of information sharing when operating under high task
interdependence than when operating under low task interdependence on days 2, 4, & 5.
H8a: There will be a three-way interaction between task interdependence, outcome
interdependence, and time such that for groups in the low outcome interdependence
conditions, the variability in perceptions of team trust will decrease over time for groups
operating under high task interdependence but not for groups operating under low task
interdependence.
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H8b: There will be a three-way interaction between task interdependence, outcome
interdependence, and time such that for groups in the low outcome interdependence
conditions, the variability in perceptions of team cohesion will decrease over time for
groups operating under high resource interdependence but not for groups operating under
low resource interdependence.
H8c: There will be a three-way interaction between task interdependence, outcome
interdependence, and time such that for groups in the low outcome interdependence
conditions, the variability in perceptions of team efficacy will decrease over time for
groups operating under high task interdependence but not for groups operating under low
task interdependence.
H8d: There will be a three-way interaction between task interdependence, outcome
interdependence, and time such that for groups in the low outcome interdependence
conditions, the variability in perceptions of information sharing will decrease over time
for groups operating under high task interdependence but not for groups operating under
low task interdependence.
Dynamics of Emergence
Emergence is the process by which the interactions of system elements on one level of
analysis manifest as system elements on a higher level of analysis (Boulding 1956; Miller, 1978).
Kozlowski and Klein (2000) provide a conceptual framework for categorizing how variables
emerge across levels of analyses in organizational settings. Multilevel theory distinguishes
between two different forms of emergent phenomena: composition forms and compilation forms.
Composition forms are grounded in the isomorphic assumption that occurrences on the
individual level of analysis do not fundamentally change as they emerge as a collective
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phenomenon on the group level of analysis. On the other hand, compilation forms describe how
the configurations of distinct lower level occurrences emerge as a qualitatively different form or
construct on the group level of analysis (Kozlowski et al., 1999). As noted earlier, this
dissertation examined the dynamic properties of trust, cohesion, efficacy, and information
sharing, all composition forms of emergent phenomena, by assessing how these individual- and
group-level attitudes fluctuated over a five-day period of time.
Team Processes
The emergence of group level phenomena is driven by team processes or the “acts that
convert inputs to outputs through cognitive, verbal, and behavioral activities directed toward
organizing task work to achieve collective goals” (Marks et al., 2001, p. 357). Whereas emergent
states refer to dynamic, collectively held cognitive, motivational and affective states, team
processes describe the team member behaviors and interactions that manifest in those states
(Marks et al., 2001; McGrath 1984). Several researchers have pointed out that the ways in which
team processes drive the emergence of collective phenomena is not particularly well understood
(Coultes et al., 2014; Kozlowski 2015; Seeber, Maiaer, & Weber 2014). In large part, this is
because researchers have assumed the process of emergence in their studies by measuring the
independent and emergent variables simultaneously and/or by failing to capture through what
mechanism the emergence occurred (Coultes et al., 2014; Kozlowski 2015). Given the rising
prevalence of virtual teams within work organizations (Bergiel et al., 2008; De et al., 2020; de
Lesser, 1998; Gibson & Cohen, 2003), there is a heightened need to investigate the properties of
emergence within these ever more common settings. Therefore, this dissertation filled an
important gap in the literature by framing CMC as the primary mechanism through which the
emergence of team efficacy, team cohesion, and team trust in newly formed virtual triads.
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Communication is essential to team functioning (Kozlowski & Bell, 2003; Kozlowski &
Ilgen 2006) because it is the conduit through which team members are able to coordinate,
synchronize, and align their performance efforts (McGrath 1984). The role of communication in
teams is demonstrated by Marks et al. (2001)’s taxonomy of team processes, which consists of
transition processes, action processes, and interpersonal processes. Transition processes include
goal and sub goal prioritization (e.g., Dicken & McIntyre 1997), the identification and evaluation
of the team’s resources (e.g., Fleishman & Zaccaro (1992), and the development of alternative
courses of action (Cannon-Bowers et al., 1995), which are all activities typically assumed to
involve communication between team members. It is also through communication that action
processes manifest, such as by providing verbal or behavioral performance feedback to team
members (e.g., Dickinson & McIntyre, 1997) or by coordinating interdependent actions, tasks, or
activities (e.g., Brannick et al., 1992). Finally, communication is inherent to interpersonal
processes, which includes mediating and resolving conflict (e.g., Jehn 1995), motivation and
confidence building (Fleishman & Zaccaro, 1992), and regulating others’ emotions during
mission completion (e.g., Cannon-Bowers et al., 1995).
Communication Processes in Virtual Teams. There is a growing body of literature on
the conditions, characteristics, and effects of CMC in virtual teams (e.g., Baltes, Dickson,
Sherman, Bauer, & LaGranke, 2002; Becker-Beck, Wintermantel, & Borg 2005; Chidambaram
1996; Gibson & Cohen 2003; Gibson & Gibbs 2006; Marlow, Lacerenza, & Salas 2017;
Mesmer-Magnus, DeChurch, Jimanez-Rodriguez, Wildman, & Shuffler, 2011; Zeigler 2016).
Much of this research has emphasized how communication processes have varying effects for
groups operating under different degrees of virtuality (e.g., Baltes et al., 2002; Mesmer-Magnus
et al., 2009). Several researchers have discussed the spatial-temporal differences between face-
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to-face communication and virtual communication (e.g., Becker-Beck et al., 2005; Marlow et al.,
2017). Face-to-face communication occurs in real time and between individuals who are colocated whereas virtual communication serves to connect individuals who are in different
physical locations (Becker-Beck et al., 2005). Making matters more complex, virtual channels
vary in synchronicity, with certain channels being synchronous, or occurring in near real time
(e.g., videoconferencing), and others being asynchronous, or involving a messaging time-lag
between the two or more parties (e.g., email) (Hollingshead, McGrath & O’Conner, 1993).
Baltes et al. (2002) conducted a meta-analysis on the effects of face-to-face
communication and CMC on group effectiveness, efficiency, and team member satisfaction. The
researchers found that CMC was associated with lower levels of group effectiveness, efficiency,
and group member satisfaction than face-to-face communication, which raised substantial
concern over the implications of an increasingly virtual work environment (Baltes et al., 2002).
Several years later, Mesmer-Magnus et al. (2009) conducted a meta-analysis that provided a
more nuanced understanding of the differing effects of virtual and face-to-face communication in
teams. The authors aggregated the findings from 94 studies on the link between team virtuality
and information sharing, which consisted of two dimensions: unique information sharing and
openness to information sharing. They found that virtuality improved unique information sharing
but hindered openness to information sharing behaviors and that the link between information
sharing and virtuality was curvilinear, such that teams who engaged in the most information
sharing were those that operated under a hybrid structure of both virtual and face-to-face
interactions (Mesmer-Magnus et al., 2009).
Although these findings have important implications for the team design literature, the
reality of an increasingly virtual world demands research dedicated to exploring the conditions

44

under which purely virtual communication can be most effective. Marlow et al. (2017) answered
this call with an empirical and conceptual integration of the existing research and an organizing
framework for studying the elements of virtual communication. They suggested that the extant
literature on virtual communication has focused on five different elements: frequency (i.e.,
volume of communication over any communication mode), quality (i.e., clarity, accuracy, and
completeness of communication), timeliness (i.e., extent to which communication is provided or
received in a timely manner), closed-loop (i.e., a team member sends a message, another member
receives message and confirms back), and content (i.e., task oriented - communication focused
on task completion or relationship-oriented - communication of an interpersonal nature) (Marlow
et al., 2017).
Marlow et al. (2017) also theorized that structural interdependencies would moderate the
relationship between CMC and team outcomes, such that the link between these variables would
become stronger under conditions of high structural interdependence. Aligned with Marlow et
al.’s (2017) reasoning, we postulated that the effect of virtual communication content on
emergent phenomena depended upon the structural interdependencies of the group. For example,
under conditions of high task interdependence, the sharing of uniquely held, task-oriented
information is critical to group outcomes, such as performance and the emergence of team
efficacy, whereas under conditions of low task interdependence, the sharing of unique taskoriented information is less critical for success (Courtight et al., 2015). On the other hand, under
conditions of high outcome interdependence, the importance of relationship-oriented
communication behaviors is amplified with motivational and supportive interactions contributing
to a more cohesive and effective unit while under conditions of low outcome interdependence,
these types of interactions are less likely to manifest (Courtright et al., 2015). As such, this
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dissertation examined how task and outcome interdependencies predict task-oriented and
relationship-oriented CMC and through those interactions drive emergence in newly formed
virtual triads.
Task-oriented communications. Communications that are task-oriented are those that are
pertinent to the actual work activities being completed by the group members (Keyton 1997;
Marlow et al., 2017). For example, task-oriented messages include sharing task-pertinent
information, elaborating on that information, brainstorming problem solution ideas, coordinating
task strategies, prioritizing subtasks, and providing feedback (Marks et al., 2001) We posited that
task-oriented communication (as opposed to relationship-oriented communication) would drive
the emergence of team efficacy. More specifically, we suggested that communications referring
to task-oriented information provide the common grounding needed for emergence of those
perceptions (Courtright et al., 2015; Katz-Navon & Erez, 2005). Therefore, we proposed that the
frequency and dispersion of task-oriented CMC during and in between each task episode would
have a positive effect on directly subsequent perceptions of team efficacy.
H9a: Frequency of synchronous task-oriented CMC (i.e., on days 1, 3, & 5) will have a
positive effect on directly subsequent perceptions of team efficacy (i.e., on days 2, 4, &
5)
H9b: Dispersion of synchronous task-oriented CMC (i.e., on days 1, 3, & 5) will have a
positive effect on directly subsequent perceptions of team efficacy (i.e., on days 2, 4, &
5).
H9c: Frequency of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
positive effect on directly subsequent perceptions of team efficacy (i.e., on days 3 & 5).
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H9d: Dispersion of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
positive effect on directly subsequent perceptions of team efficacy (i.e., on days 3 & 5).
We also proposed that task-oriented CMC would contribute to the emergence of team
trust. Conceptually, trust is discussed as containing both cognitive and affective roots
(McAllister, 1995; Costa et al., 2017). It is intuitive to suspect that the more group members
engage in task-oriented communications, the more their fellow group members trust that they are
capable and dependable in performing the team’s task. Empirically, trust has also been linked
with virtual information-sharing in the literature (Altschuller & Benbunan-Fich, 2010; Pinjani &
Palvia, 2013). For example, Altshuller & Benbuban-Fich (2010) found that virtual teams who
were co-present (i.e., engaged in synchronous CMC) developed higher levels of team trust,
which in turn positively influenced performance. Given the evidence described above, we
predicted that the frequency and dispersion of task-oriented CMC during and in between each
task episode would positively influence the directly subsequent expression of cognition-based
team trust perceptions.
H10a: Frequency of synchronous task-oriented CMC (i.e., on days 1, 3, & 5) will have a
positive effect on directly subsequent perceptions of cognition-based team trust (i.e., on
days 2, 4, & 5).
H10b: Dispersion of synchronous task-oriented CMC (i.e., on days 1, 3 & 5) will have a
positive effect on directly subsequent perceptions of cognition-based team trust (i.e., on
days 2, 4, & 5).
H10c: Frequency of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
positive effect on directly subsequent perceptions of cognition-based team trust (i.e., on
days 3 & 5).
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H10d: Dispersion of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
positive effect on directly subsequent perceptions of cognition-based team trust (i.e., on
days 3 & 5).
The link between task-oriented communication behaviors and the emergence of these
collective perceptions likely depends upon the structural interdependencies under which the
group operates (Courtright et al., 2015; Marlow et al., 2017). The meta-analysis conducted by
Courtright et al. (2015) concluded that task interdependencies had a stronger effect on taskoriented team functioning (i.e., task-oriented processes and collective efficacy) than outcome
interdependence. Under conditions of high task interdependence, team members depend upon
one another to accomplish their work (Brass & Burkhardt, 1993; Kiggundu, 1983), which
encourages information-sharing and joint-decision making (Gruenfeld, Mannix, Williams, &
Neale, 1996; Okhuysen, 2001; Rockett & Okhuysen, 2002). It is likely that these task-oriented
team processes, which are most critical for teams that are task interdependent, are the behaviors
that underpin the emergence of team efficacy perceptions.
Additional support for the claim that the effect of team efficacy is magnified for teams
operating under high task interdependence comes from Gully, Incalcaterra, Joshi, and Beaubien
(2002) who conducted a meta-analysis on the link between team efficacy and effectiveness
criteria. The researchers found that the relationship between these two variables was greater for
teams operating under high levels of task interdependence (p = .45) than for teams operating
under low levels of task interdependence (p = .34) (Gully et al., 2002). We similarly predicted
that the association between team efficacy and performance enabling task-oriented
communications would be strongest in task interdependent groups. More specifically, we
proposed that task-oriented CMC would have a more significant impact on the emergence of
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collective efficacy and cognition-based team trust perceptions for groups operating under high
task interdependence than for groups operating under low task interdependence.
H11a: Frequency of synchronous task-oriented CMC (i.e., on days 1, 3, & 5) will have a
greater positive effect on directly subsequent perceptions of team efficacy (i.e. 2, 4, & 5)
for groups in the high task interdependence conditions than for groups in the low task
interdependence conditions.
H11b: Dispersion of synchronous task-oriented CMC (i.e., on days 1, 3, & 5) will have a
greater positive effect on directly subsequent perceptions of team efficacy (i.e. on days 2,
4, & 5) for groups in the high task interdependence conditions than for groups in the low
task interdependence conditions.
H11c: Frequency of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
greater positive effect on directly subsequent perceptions of team efficacy (i.e. on days 4
& 5) for groups in the high task interdependence conditions than for groups in the low
task interdependence conditions.
H11d: Dispersion of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
greater positive effect on directly subsequent perceptions of team efficacy (i.e. on days 4
& 5) for groups in the high task interdependence conditions than for groups in the low
task interdependence conditions.
H11e: Frequency of synchronous task-oriented CMC (i.e., on days 1, 3 & 5) will have a
greater positive effect on directly subsequent perceptions of cognition-based team trust
(i.e. on days 2, 4, & 5) for groups in the high task interdependence conditions than for
groups in the low task interdependence conditions.
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H11f: Dispersion of synchronous task-oriented CMC (i.e., on days 1, 3, & 5) will have a
greater positive effect on directly subsequent perceptions of cognition-based team trust
(i.e. on days 2, 4, & 5) for groups in the high task interdependence conditions than for
groups in the low task interdependence conditions.
H11g: Frequency of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
greater positive effect on directly subsequent perceptions of cognition-based team trust
(i.e. on days 3 & 5) for groups in the high task interdependence conditions than for
groups in the low task interdependence conditions.
H11h: Dispersion of asynchronous task-oriented CMC (i.e., on days 2 & 4) will have a
greater positive effect on directly subsequent perceptions of cognition-based team trust
(i.e. on days 3 & 5) for groups in the high task interdependence conditions than for
groups in the low task interdependence conditions.
Relationship-oriented communications. These communications are aimed at supporting
the socio-emotional connections and overall health of the group (Marlow et al., 2017). This
could mean interactions around relationship building, emotional support, motivating others, and
conflict resolution (Keyton, 1997; Marlow et al., 2017; Marks et al., 2001). We proposed that
relationship-oriented CMC (as opposed to task-oriented CMC) would influence the emergence of
team cohesion, which refers to the extent to which group members perceive a closeness and
attachment to other members and to the group’s objectives (Chen et al., 2009; Dobbins &
Zaccaro 1986). While task-oriented communication serves as the foundation for the emergence
of team efficacy, relationship-oriented communication is rooted in common interests or
objectives among group members (Johnson & Johnson 1999). Therefore, we argued that these
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communications would provide the common grounding required for the emergence of team
cohesion.
H12a: Frequency of synchronous relationship-oriented CMC (i.e., on days 1, 3, & 5) will
have a positive effect on directly subsequent perceptions of team cohesion (i.e., on days
2, 4 & 5).
H12b: Dispersion of synchronous relationship-oriented CMC (i.e., on days 1, 3, & 5) will
have a positive effect on directly subsequent perceptions of team cohesion (i.e., on days
2, 4, & 5).
H12c: Frequency of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a positive effect on directly subsequent perceptions of team cohesion (i.e., on days 4
& 5).
H12d: Dispersion of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a positive effect on directly subsequent perceptions of team cohesion (i.e., on days 4
& 5).
As previously stated, trust contains both cognitive and affective foundations (McAllister,
1995; Costa et al., 2017). While task-oriented CMC provides the foundation for the emergence
of cognitive-based team trust perceptions, we suggest that relationship-oriented CMC serves as
the foundation for the emergence of affect-based team trust perceptions. By engaging in social
behaviors aimed at building and sustaining collaborative relationships, team members are more
apt to cultivate perceptions of trust in one another, rooted in feelings of mutual attachment and
emotional investment in the group (Courtright et al., 2015). Therefore, we hypothesized that
relationship-oriented CMC during and in between each task episode would have a positive effect
on directly subsequent perceptions of affect-based team trust.
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H13a: Frequency of synchronous relationship-oriented CMC (i.e., on days 1, 3, & 5) will
have a positive effect on directly subsequent perceptions of affect-based team trust (i.e.,
on days 2, 4, & 5).
H13b: Dispersion of synchronous relationship-oriented CMC (i.e., on days 1, 3, & 5) will
have a positive effect on directly subsequent perceptions of affect-based team trust (i.e.,
on days 2, 4, & 5).
H13c: Frequency of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a positive effect on directly subsequent perceptions of affect-based team trust (i.e.,
on days 4 & 5).
H13d: Dispersion of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a positive effect on directly subsequent perceptions of affect-based team trust (i.e.,
on days 4 & 5).
Just as the importance of task-oriented communication for the emergence of team
efficacy and cognition-based team trust was hypothesized to increase when groups were task
interdependent, we proposed that the importance of relationship-oriented communication for the
emergence of team cohesion and affect-based team trust would increase when groups were
outcome interdependent. This is because groups members with shared goals are more likely to
cultivate prosocial relationships with their team members (Deutsch, 1949; Johnson et al., 2006)
and dedicate themselves to their team members (van der Vegt, de Jong, Bunderson, & Molleman,
2010; van der Vegt et al., 2000). Therefore, in alignment with Courtright et al.’s (2015) findings
that outcome interdependent structures had a greater impact than task interdependent structures
on relationship-oriented team functioning, we predicted that the effect of relationship-oriented
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CMC on the emergence of team cohesion and affect-based team trust would be strongest for
groups operating under high outcome interdependence conditions.
H14a: Frequency of synchronous relationship-oriented CMC behaviors (i.e., on days 1,
3, & 5) will have a greater positive effect on directly subsequent perceptions of team
cohesion (i.e. on days 2, 4, & 5) for groups in the high outcome interdependence
conditions than for groups in the low outcome interdependence conditions.
H14b: Dispersion of synchronous relationship-oriented CMC (i.e., on days 1, 3, and 5)
will have a greater positive effect on directly subsequent perceptions of team cohesion
(i.e. on days 2, 4 & 5) for groups in the high outcome interdependence conditions than for
groups in the low outcome interdependence conditions.
H14c: Frequency of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a greater positive effect on directly subsequent perceptions of team cohesion (i.e. on
days 4 & 5) for groups in the high outcome interdependence conditions than for groups in
the low outcome interdependence conditions.
H14d: Dispersion of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a greater positive effect on directly subsequent perceptions of team cohesion (i.e. on
days 4 & 5) for groups in the high outcome interdependence conditions than for groups in
the low outcome interdependence conditions.
H14e: Frequency of synchronous relationship-oriented CMC (i.e., on days 1, 3, & 5) will
have a greater positive effect on directly subsequent perceptions of affect-based team
trust (i.e. on days 2, 4, & 5) for groups in the high outcome interdependence conditions
than for groups in the low outcome interdependence conditions.
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H14f: Dispersion of synchronous relationship-oriented CMC (i.e., on days 1, 3, & 5) will
have a greater positive effect on directly subsequent perceptions of affect-based team
trust (i.e. on days 2, 4, & 5) for groups in the high outcome interdependence conditions
than for groups in the low outcome interdependence conditions.
H14g: Frequency of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a greater positive effect on directly subsequent perceptions of affect-based team
trust (i.e. on days 4 & 5) for groups in the high outcome interdependence conditions than
for groups in the low outcome interdependence conditions.
H14h: Dispersion of asynchronous relationship-oriented CMC (i.e., on days 2 & 4) will
have a greater positive effect on directly subsequent perceptions of affect-based team
trust (i.e. on days 4 & 5) for groups in the high outcome interdependence conditions than
for groups in the low outcome interdependence conditions.
Emergent Phenomena
This dissertation focused on three of the most commonly studied composition-based
emergent phenomena in the team literature: team efficacy, team cohesion, and team trust. The
notion that team processes reciprocally interact with the emergence of collectively held
perceptions in team settings has been discussed conceptually (e.g., Costa, et al., 2017; Courtright
et al., 2015; Grossman & Feitosa 2017; Kozlowski 2015; Kozlowski & Ilgen 2006; Marks et al.,
2001). However, by using a staggered approach to measure behavioral team processes and
emergent perceptions over a five-day experimental simulation, this dissertation was the first
study to explicitly test the bidirectionality of communicative team processes and emergent
phenomena in a purely virtual context.
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Team Efficacy. Often referred to as “collective efficacy,” team efficacy can be defined
as the team’s shared perception of their task-specific capabilities (Gully et al., 2002). Selfefficacy, or one’s perception of their own task-specific capability, is a key construct within the
motivation literature (e.g., Judge & Bono 2001; Multon, Brown, & Lent 1991; Sadri &
Robertson 1993; Stajkovich & Luthans 1998). However, a substantial body of research has also
extended this work to study shared perceptions in work team settings (e.g., Baker 2001; Gully et
al., 2002). This research has shown that team efficacy relates positively to team effectiveness
outcomes and these associations are stronger for task interdependent teams (Gully et al., 2002).
However, despite the importance of these findings, the dynamic nature of the links between
efficacy, team processes, and team effectiveness criteria has largely remained unexplored
(Courtright et al., 2015).
The effect of team efficacy on team processes. The question of how team efficacy
influences subsequent team processes is particularly interesting in light of Vancouver et al.’s
(2001) findings. More specifically, in accordance with the tenets of control theory (Carver &
Scheier, 1998; Vancouver 2008), these authors found that while goal striving and performance
result in increased perceptions of efficacy, these perceptions actually serve to reduce subsequent
goal-striving and efficacy perceptions. We proposed that for groups operating in the high task
interdependence conditions, the collective efficacy or confidence in the group’s capability that
results from positive performance (i.e., a reduced discrepancy between the current state and
desired outcome) would mitigate the drive to subsequently engage in task-oriented
communication behaviors (i.e., goal-striving behaviors). In other words, we predicted that higher
levels of team efficacy lead to a lower frequency and less evenly dispersed task-oriented CMC
for groups in the high task interdependence conditions. This set of hypotheses tested the effects
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of team efficacy on group CMC variables only for groups that operated under high task
interdependence.
H15a: Perceptions of team efficacy (i.e., on days 2 & 4) will have a negative effect on
the frequency of directly subsequent synchronous task-oriented CMC (i.e., on days 3 &
5) for groups in high task interdependence conditions.
H15b: Perceptions of team efficacy (i.e., on days 2 & 4) will have a negative effect on
the dispersion of directly subsequent synchronous task-oriented CMC (i.e., on days 3, &
5) for groups in high task interdependence conditions.
H15c: Perceptions of team efficacy (i.e., on day 2) will have a negative effect on
frequency of directly asynchronous task-oriented CMC (i.e., on day 4) for groups in high
task interdependence conditions.
H15d: Perceptions of team efficacy (i.e., on day 2) will have a negative effect on the
dispersion of directly subsequent asynchronous task-oriented CMC (i.e., on day 4) for
groups in high task interdependence conditions.
Team Cohesion. Team cohesion refers to the emergent shared attraction and
commitment that team members feel toward one another and their shared goal (Hackman 1976;
Zacarro 1991). Several meta-analyses have been dedicated to the relationship between team
cohesion and team effectiveness outcomes (e.g., Beal, Cohen, Burke, & McLendon, 2003;
Carron, Colman, Wheeler & Stevens, 2002; Chiocchio & Essiembre 2009; Gully, Devine, &
Whitney, 1995; Mullen & Copper, 1994; Oliver, Harman, Hoover, Hayes, & Pandhi 1999). This
literature converges around the finding that there is a moderate positive correlation between team
cohesion and performance criteria (Chiocchio & Essiembre 2009). Despite the importance of this
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consensus, little is known around how team cohesion actually drives the beneficial team
processes that enable team performance over time (Courtright et al., 2015).
The effect of team cohesion on team processes. There is precedent in the research to
suggest that cohesive teams are more apt to engage in relationship-oriented team processes (e.g.,
Courtright et al., 2015; Ng & Van Dyne 2005). For example, Ng & Van Dyne (2005) conducted
a study that examined the link between team cohesion, emergent configurations of team member
helping behavior, and group performance. They found that team cohesion significantly predicted
peer-related team member helping behaviors, which in turn drove team performance (Ng & Van
Dyne 2005). Arguing that processes and states interact in a dynamic fashion over time,
Courtright et al. (2015) postulated that team members’ shared attraction and dedication to one
another and the team’s objectives encourages interactions that are aimed at building and
maintaining their relationships (Courtright et al., 2015). Therefore, we predicted that team
cohesion would have a positive effect on the frequency and dispersion of directly subsequent
relationship-oriented CMC behaviors for groups operating under high outcome interdependence.
This set of hypotheses tested the effects of team cohesion on group CMC variables only for
groups that operated under high outcome interdependence.
H16a: Perceptions of team cohesion (i.e., on days 2 & 4) will have a positive effect on
the frequency of directly subsequent synchronous relationship-oriented CMC (i.e., on
days 3 & 5) for groups in high outcome interdependence conditions.
H16b: Perceptions of team cohesion (i.e., on days 2 & 4) will have a positive effect on
the dispersion of directly subsequent synchronous relationship-oriented CMC (i.e., on
days 3 & 5) for groups in high outcome interdependence conditions.
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H16c: Perceptions of team cohesion (i.e., on day 2) will have a positive effect on the
frequency of directly subsequent asynchronous relationship-oriented CMC (i.e., on day 4)
for groups in high outcome interdependence conditions.
H16d: Perceptions of team cohesion (i.e., on day 2) will have a positive effect on the
dispersion of directly subsequent asynchronous relationship-oriented CMC (i.e., on day
4) for groups in high outcome interdependence conditions.
Team Trust. Team trust refers to the emergent shared vulnerability among team
members due to positive expectations that they form about one another’s competence and
dedication to the group (Fulmer & Gelfand 2012; Grossman & Feitosa 2017). Trust has both
cognitive and affective roots (McAllister, 1995; Costa et al., 2017). The cognitive aspect of trust
is based upon perceptions of the trustee’s level of competence and dependability (Luhmann,
1979) and the affective aspect of trust is based upon perceptions of the trustee’s emotional
investments and concern the perceiver and group as a whole (Lewish & Weigert, 1985).
Trust in virtual teams. A host of recent research has been dedicated to the study of trust in
virtual team settings. (e.g., Altschuller & Benbunan-Fich, 2010; Bierly, Stark, & Kessler, 2009;
Brahm & Kunze, 2012; Breuer et al., 2016; Clark, Clark, & Crossley, 2010; Costa et al., 2017;
Crisp & Jarvenpaa, 2013; Kanawattanachai & Yoo, 2005; Pinjani & Palvia, 2013; Robert,
Dennis, & Hung 2009). This research is warranted by conceptual and empirical evidence that the
importance of team trust is heightened in virtual settings. Conceptually, team members
communicating virtually must be more trusting because there is a greater risk of
misunderstanding and conflict due to the relative lack of contextual and social cues and delayed
responses (Jarvenpaa, Knoll, & Leidner, 1998; Montoya-Rice, Massey, & Song, 2001).
Empirically, recent meta-analytic research found that the link between team trust and team
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effectiveness was greater for virtual teams (p = .33) than for face-to-face teams (p = .22) (Breuer
et al., 2016). It is therefore critical to understand the dynamic nature of group trust and how it
influences team processes and functioning in virtual teams.
The effect of team trust on team processes. Recently, researchers have begun to study the
dynamic nature of team trust (e.g., Clark et al., 2010; Grossman & Feitosa 2017;
Kanawattanachai & Yoo, 2005). For example, Grossman and Feitosa (2017) provided a
conceptual framework that portrays the bidirectional links between team trust, team processes
and performance that play out over time in action teams. The researchers argued that trust and
team performance relate in a positive bidirectional manner over time and that action processes
(i.e., information sharing, effort, performance monitoring) mediate the link between trust and
performance (Grossman & Feitosa 2017). This line of reasoning provides support for the claim
that team trust, like team efficacy and cohesion, interacts bidirectionally with performanceenabling team processes (i.e., task-oriented and relationship-oriented CMC) over time. Grossman
and Feitosa (2017) also suggested that the link between trust and performance is magnified for
teams operating under high levels of structural interdependence. Empirically, studies have shown
that team trust positively influences information sharing amongst team members in virtual teams
(Altschuller & Benbunan-Fich, 2010; Pinjani & Palvia, 2013).
Given the research described above, we predicted that cognition-based team trust, or the
aspect of trust perceptions rooted in perceptions of the trustee’s capability and dependability,
would positively influence task-oriented CMC behaviors for groups in high task interdependence
conditions and that affect-based team trust, or the aspect of trust perceptions that corresponds to
the trustee’s investment and concern over the group’s health and success, would positively
influence relationship-oriented CMC behaviors for groups in high outcome interdependence
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conditions. These hypotheses tested the effects of cognition-based trust on group CMC variables
only for groups operating under high task interdependence and the effects of affect-based trust on
group CMC variables only for groups operating under high outcome interdependence.
H17a: Perceptions of cognition-based team trust (i.e., on days 2 & 4) will have a positive
effect on the frequency of directly subsequent synchronous task-oriented CMC (i.e., on
days 3 & 5) for groups in high task interdependence conditions.
H17b: Perceptions of cognition-based team trust (i.e., on days 2 & 4) will have a positive
effect on the dispersion of directly subsequent synchronous task-oriented CMC (i.e., on
days 3 & 5) for groups in high task interdependence conditions.
H17c: Perceptions of cognition-based team trust (i.e., on day 2) will have a positive
effect on the frequency of directly subsequent asynchronous task-oriented CMC (i.e., on
day 4) for groups in high task interdependence conditions.
H17d: Perceptions of cognition-based team trust (i.e., on day 2) will have a positive
effect on the dispersion of directly subsequent asynchronous task-oriented CMC (i.e., on
day 4) for groups in high task interdependence conditions.
H18a: Perceptions of affect-based team trust (i.e., on days 2 & 4) have a positive effect
on the frequency of directly subsequent synchronous relationship-oriented CMC (i.e., on
days 3 & 5) for groups in high outcome interdependence conditions.
H18b: Perceptions of affect-based team trust (i.e., on days 2 & 4) will have a positive
effect on the dispersion of directly subsequent synchronous relationship-oriented CMC
(i.e., on days 3 & 5) for groups in high outcome interdependence conditions.
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H18c: Perceptions of affect-based team trust (i.e., on day 2) will have a positive effect on
the frequency of directly subsequent asynchronous relationship-oriented CMC (i.e., on
day 4) for groups in high outcome interdependence conditions.
H18d: Perceptions of affect-based team trust (i.e., on day 2) will have a positive effect on
the dispersion of directly subsequent asynchronous relationship-oriented CMC behaviors
(i.e., on day 4) for groups in high outcome interdependence conditions.
Method
An experimental simulation was designed to examine the dynamic linkages between
structural forms of group interdependence, CMC, and the emergence of group-level
psychological states in virtual triads. The simulation was completely virtual – taking place
exclusively over the internet. The simulated task was a ‘murder mystery’ that the group worked
to solve from clues about who committed the crime, the victim, the murder weapon, etc. Task
interdependence was manipulated by controlling the uniqueness of task-critical information (i.e.,
murder mystery clues) provided to each group member during each of the three ‘murder
mystery’ task episodes. Outcome interdependence was manipulated by introducing individual or
cooperative goal and feedback structures associated with each of the three task episodes. The
CMC was observed and recorded during each task episode and attitudinal variables were
assessed via a survey on day 2, 4, and 5 (after the final task episode) of the simulation.
Sample
This dissertation sampled from a demographically diverse undergraduate student body at
a large public university who were recruited to participate in the experiment for credit in their
Psychology courses. To encourage participation and minimize attrition, students who completed
all aspects of the study were also entered into a raffle to win one of three $25 Amazon gift cards.
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Partial credit was awarded to participants who completed some, but not all requirements of the
experimental simulation.
The initial power analysis indicated that data should be collected on 140 teams or 420
individuals. However, in total 108 subjects forming 36 triads participated in the study. A fraction
of the proposed sample size was collected due to statistical and logistical constraints, which are
noted in the Discussion section. Multilevel power analysis was utilized to determine power
estimates because the data was collected on individuals nested within triads. Multilevel power
analysis is more appropriate for multilevel research because it considers a broader range of
factors at multiple levels of analysis (Mathieu & Chen, 2011; Raudenbush, 1988; Raudenbush &
Bryk, 2002; Scherbaum & Pesner, 2019). Most notably, multilevel power analysis considers
sample sizes for at least two levels of analysis within a system. In this study, the level 1 sample
size corresponded to the number of participants assigned to each group (i.e., N = 3) and the level
2 sample size corresponded to the number of groups that completed the experimental simulation
(n = 36).
Another key factor required to conduct a power analysis is an estimate of the expected
effect size (Cohen, 1998; Mathieu et al., 2012). This study hypothesized a number of different
effects and they were expected to vary in magnitude. For example, Courtright et al., (2015)
found effect sizes that ranged from r = .20 to r = .44 in their meta-analytic research on this topic.
However, for the purposes of this study, we chose an estimate of r = .4 to run the power analysis
and plan data collection requirements. An effect size estimate of .4 was selected here based on
the findings of specific previous experiments that have studied the effects of manipulated
structural interdependence in groups (e.g., Barkhi et al., 2004; Huang et al., 2002; Lian et al.,
2009), meta-analytic research on structural interdependence in teams (e.g., Courtright et al,
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2015), and a research review of the effect size ranges reported in multilevel studies (e.g.,
Mathieu, et al., 2012).
A third important factor in determining power analysis is the Intraclass Correlation (ICC)
(Bliese, 2000; LeBreton & Senter, 2008). The ICC(1) is calculated to show the degree to which
the total variance can be accounted for by group differences. For a given fixed effect, the ICC(1)
can be expressed as:
ρ = τ / (τ + σ2)
where ρ is the ICC(1), τ is the between-group variance for a given Level 2 effect, and σ2 is the
Level-1residual variance. In multilevel research, the ICC(1) value tends to range between .1 and
.3 (Bliese, 2000; Hedges & Hedberg, 2007; Mathieu et al., 2012). Therefore, power estimates
were calculated for six different ICC(1) values within this range (i.e., 0.10; 0.15; 0.20; 0.25;
0.30). The estimated power ranges from .38 (at a given ICC of .3) to .48 at a (given ICC of .1)
(See Table 1). An Excel program developed by Scherbaum and Ferreter (2009) for conducting
multilevel power analysis for fixed effects was used to calculate the power estimates.
Table 1: Parameters Used in the Multi-level Power Analysis
Intra Class
Correlation

Total
sample size

Level 1
sample

Level 2
sample

Estimated
Type I error

Effect

rate (a)

size (δ)

statistical

(ICC)

(N × n)

size (N)

size (n)

.10

108

3

36

.05

0.4

.48

.15

108

3

36

.05

0.4

.45

.20

108

3

36

.05

0.4

.42

.25

108

3

36

.05

0.4

.40

.30

108

3

36

.05

0.4

.38
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power

The values obtained over the three time periods ranged drastically, from .005 (i.e., team
cohesion measured on day 1) to .611 (i.e., group information sharing measured on day 5) (See
Table 14). This range reflects varying proportions of within to between group variability in
group attitudes over time. However, overall the ICC(1) values obtained were higher than what is
usual in the research, which reduces the statistical power associated with detecting main effects
on those variables and increasing the probability of type II errors.
Procedure
The 5-day experimental simulation required approximately 2 hours of time in total for
each participant. As participants signed up using an online participant pool portal, the study
administrator formed triads based on the students’ shared availability to complete task episodes
on the following Monday, Wednesday, and Friday. After each triad was formed, it was randomly
assigned to one of four experimental conditions: 1) high outcome interdependence/high task
interdependence, 2) high outcome interdependence/low task interdependence, 3) low outcome
interdependence/high task interdependence, or 4) low outcome interdependence/low task
interdependence.
As a first step after signing up for the study, participants were required to fill out an
informed consent document detailing the study’s requirements, security of the data, and other
pertinent information. After the informed consent document was signed and submitted via
Qualtrics, participants received an email with a set of preliminary instructions for the study. The
instructions informed participants that the simulation would last 5 weekdays, include 3 ‘murder
mystery’ task episodes that would each last 20-30 minutes on days 1, 3, and 5, and require the
completion of 3 short questionnaires, each requiring 10-15 minutes, that were to be completed on
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days 2, 4, and 5 (after the final task episode). Each participant was also provided with a unique
Slack ID, which is how group members communicated with one another throughout the five-day
simulation using only text-based communication via a private channel (See Appendix I). Finally,
Participants were reminded that internet access was required for the entirety of each task episode
and in order to complete each of the three survey installments throughout the simulation.
At the start of the simulation on Monday, each group received an email containing their
goal manipulation and task instructions. Next, each group completed an icebreaker activity to
orient participants to the Slack platform (described below) that would be used for the duration of
the simulation (See Appendix I). The activity required group members to identify experiences,
qualities, or attributes they shared in common. For example, many groups discussed how they
are all undergraduate students, taking psychology courses, and participating in an experiment.
Following the icebreaker activity, group members were instructed to complete the first ‘murder
mystery’ task. Each group had 20 minutes to complete the task and submit their answers to the
study administrator. Immediately after the answers were submitted, the administrator tallied the
correct answers and provided accurate performance feedback to the participants. This process
was repeated on day three (i.e., Wednesday) and day five (i.e., Friday) in the simulation to
complete the second and third task episodes respectively. At the conclusion of the final task
episode on Friday, each participant was asked to confirm with the administrator that they did not
communicate with one another outside of their assigned slack channel for the duration of the
simulation.
An attitude survey was also administered to participants three times over the course of the
simulation using Qualtrics. More specifically, at 8:00am on days two (Tuesday), four (Thursday)
and after the completion of the final task episode on day five (Friday), the administrator emailed
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each participant with a link to complete the attitude survey. On each of these days, participants
were reminded to complete the survey at 4:00pm if they hadn’t already submitted it. After the
final survey was submitted on Friday, subjects were thanked for their participation, provided
with a debrief document, and informed that they had been entered into the raffle if they
completed all aspects of the study over the five days.
Simulation Platforms
Since the study was conducted over the internet, a set of virtual tools were required to
ensure that the administration of the virtual simulation was optimized. To that end, Runbox- an
email server/platform and Slack - a virtual collaborative workplace, were both used to administer
the simulation.
RunBox. At the beginning of every administration of the experimental simulation, each
participant was provided with an @RunBox email account to protect participant anonymity.
Over the course of the entire simulation, the experimenter emailed participants using these
assigned email accounts to provide instructions, administer performance feedback after each task
episode, offer assistance with any technical issues, and answer any process-related questions that
might have come up.
The RunBox platform was chosen primarily because of the subaccount functionality. As
the RunBox account administrator, the experimenter had access to the master account with the
capability to change the email addresses and passwords associated with each subaccount. In this
way, the participant email addresses and passwords could be reset each week to ensure that the
email credentials from any previous week no longer worked. The naming scheme for the email
accounts corresponded to the group number and participant number (e.g., g23p2@runbox.com)

66

and a unique 10 digit password was generated for each participant using a random number
generator.
Slack. Each group was assigned a particular private channel on Slack, a popular digital
collaboration tool, ensuring that groups could not interact with members of other groups. In other
words, each group could only communicate via text-based chat through their assigned channel
for the entire simulation. The name of the slack channel corresponded to the number of the group
being run (e.g., the channel for group 13 was titled ‘G13’). Participants were allowed to
communicate as often as they wanted both during and in between task episodes, so long as they
did so through their assigned private Slack channel.
There were several reasons why the Slack platform was used for the simulation. First, the
program can be accessed easily over the internet and has an intuitive user interface (see
Appendix I). Second, the program contains seamless desktop and mobile capabilities, providing
participants with flexibility to complete the task without a computer. Finally, the group chatroom
function provides clear, private, recorded, and timestamped CMC functionality for both
synchronous and asynchronous communications between group members.
Task Interdependence Manipulation
Each group completed three discrete task episodes lasting between 20 and 30 minutes at
a set point in time (i.e., 4:00 PM) every other day over the course of the five-day simulation.
Each task episode consisted of a virtual meeting between group members during which they
worked to solve a murder mystery scenario. At the beginning of each task episode, each group
member signed into their group’s specific slack channel and received an email from the
administrator in their unique @runbox account containing the clues needed to complete the
‘murder mystery’ task.
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Resource interdependence was manipulated by altering the uniqueness of the clues during
the three task episodes (adapted from Covert & Thomas, 1978; Roebuck et al., 2004; Thiagarajan
& Parker 1999). In the high task interdependence conditions, each group member was provided
with a unique set of 6 clues and each set was critical to solving all aspects of the mystery. Each
member was therefore dependent upon the others’ resources for completing the task. In the low
task independency conditions, the same information was provided to each group member, so
each of the group members were provided with all 18 clues. Since group members in the low
outcome interdependence conditions each possessed the information needed to complete the task
individually, they were not dependent on one another’s resources in order to complete the task.
The task manipulation was piloted before running the full simulation in order to determine the
most appropriate number of clues and to ensure that the simulation is feasible and could be
seamlessly administered through the virtual platform selected both via a computer and mobile
devices.
In all conditions, each group member was responsible for submitting answers to different
questions at the end of each task episode. More specifically, in all conditions, the first group
member answered, “who was the victim?” and “who was the killer?”, the second group member
answered, “where did the murder take place” and “where was the body found?”, and the final
group member answered, “when did the murder take place?” and “what was the murder
weapon?”. All answers were submitted via email to the experiment administrator so that scores
could be tallied, and the performance feedback could be administered upon the completion of
each episode.
Outcome Interdependence Manipulation
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Consistent with the literature, the perspective adopted by this dissertation is that outcome
interdependence subsumes both goal interdependence and feedback interdependence (Courtright
et al. 2015; Wageman 1999). Therefore, the outcome interdependence manipulation contained
two components: a goal interdependence manipulation that was administered at the beginning of
the experimental procedure and a feedback interdependence manipulation that was administered
at the conclusion of each of the three discrete task episodes. In the high outcome interdependence
conditions, each group member was instructed to adopt cooperative or mutually held goals
concerning group performance and received performance feedback subsequent to every task
episode based off of that shared goal. In the low outcome interdependence conditions, each
group member was instructed to adopt individual goals concerning their own performance within
their group and each group member received performance feedback based off of their own
individual goal after all three task episodes.
Goal Manipulation. In the beginning of the experimental procedure (i.e., day 1), and in
reminder emails leading up to each of the three task episodes, each group was provided with the
goal interdependence manipulation. In the high outcome interdependence condition, groups
received a cooperative goal manipulation (i.e., “Your goal over the next five weekdays is to work
to maximize your group’s performance. In other words, your own individual performance is less
important than the success of the group as a whole. Over the next five weekdays you will receive
feedback based on your group’s performance after each task”). On the other hand, in the low
outcome interdependence condition, groups will receive an independent goal manipulation (i.e.,
“Your goal over the next five weekdays is to maximize your own performance. In other words,
even though you are working within a group setting, your own individual performance is more
important than the success of the group as a whole. Over the next five weekdays you will receive
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feedback based on your own individual performance after each task episode”). The instructions
associated with the manipulation was provided to participants virtually once they agreed to
participate in the study and signed the informed consent document.
Feedback Manipulation. The feedback manipulation occurred at the conclusion of each
of the three discrete task episodes on days 1, 3 and 5 of the simulation. In the high outcome
interdependence conditions, all three group members received the same feedback about the
overall performance of the group (e.g., “the group answered 3 of 6 questions correctly”). In the
low outcome interdependence conditions feedback was provided on individual performance –
each group member received feedback about their own performance (e.g., “you answered 1 of 2
questions correctly”). Groups in both conditions were provided with the same feedback structure
after each task episode. In other words, groups that were provided with an interdependent goal
received shared feedback after each of the three task episodes whereas groups that were provided
with an individual goal received independent feedback after each of the three task episodes.
Measures
Participants’ perceptions of the levels of team cohesion, affect-based team trust,
cognition-based team trust, collective efficacy, self-efficacy, and information sharing were
surveyed at three different times over the course of the study.
Team Cohesion. Team cohesion was assessed via a 9-item instrument developed by
Rosenfeld and Gilbert (1989) and adapted by Rom & Mikulincer (2003). Example items
included, “compared to other groups like mine, members of my group work well together”, “I
want to remain a member of this group”, and “There is a feeling of unity and cohesion in this
group”. One item, “I trust group members” was removed as it confounds team trust with team
cohesion. Participants indicated the extent to which they agree with each item along a 7-point
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Likert Scale with 1 representing ‘completely disagree’ and 7 representing ‘completely agree’.
There were no reverse-scored items. Scores were calculated by averaging responses across every
item (See Appendix A for a full list of items). The internal consistency estimates (α) ranged from
.96 to .98 across the three measurement points (See Table 13 for reliability estimates).
Team Trust. Team trust was measured using an instrument originally created by
McAllister (1995) and subsequently modified by Kanawattanachai and Yoo (2002; 2007) for
group level analyses. More specifically, both cognition-based team trust and affect-based team
trust were measured using 4-item measures. An example item for cognition-based team trust is,
“I see no reason to doubt my teammates' competence and preparation for the job” and an
example of affect-based team trust is, “If I shared my problems with my team member, I know
(s)he would respond constructively and caringly.” (Kanawattanachai & Yoo 2002). Both
measures were scored on a 5-point scale with 1 representing ‘strongly disagree’ and 5
representing ‘strongly agree’. There were no reverse-scored items. Scores were calculated by
averaging responses across every item (See Appendix B for a full list of items). The internal
consistency estimates (α) ranged from .91 to .95 for cognition-based team trust, from .85 to .90
for affect-based team trust, and from .90 to .92 for the composite team trust variable across the
three measurement points (See Table 13 for reliability estimates).
Team Efficacy. A referent-shift method to assessing team efficacy was adopted (Chan
1998). This method of measurement places the focus on the group (e.g., “I am confident in my
team’s ability to perform this task”) rather than on the individual (e.g., “I am confident in my
ability to perform this task”. An example item is, “this team answers the mystery questions
quickly compared to other teams.” Respondents indicated the extent to which they agreed with
each statement along a 7-point Likert scale with 1 representing ‘completely disagree’ and 7
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representing ‘completely agree’. There were no reverse-scored items. Scores were calculated by
averaging responses across all items (See Appendix C for a full list of scale items). The internal
consistency estimates (α) ranged from .88 to .92 across the three measurement points (See Table
13 for reliability estimates).
Self-efficacy. The same items developed for the collective efficacy measure were
adapted for the self-efficacy measure. This method of measurement places the focus on the
individual (e.g., “I am confident in my ability to perform this task”) rather than the on the team
(e.g., “I am confident in my team’s ability to perform this task”). An example item is, “I am
confident in my ability to accurately answer the mystery questions.” Respondents indicated the
extent to which they agreed with each statement along a 7-point Likert scale with 1 representing
‘completely disagree’ and 5 representing ‘completely agree’. There were no reverse-scored items
and scores were calculated by averaging responses across all items (See Appendix D for a full
list of scale items). The internal consistency estimates (α) ranged from .80 to .90 across the three
measurement points (See Table 13 for reliability estimates).
Information Sharing. Perceptions of information sharing were measured using a
modified 3-item measure adapted by De Dreu (2007). Example items include, “communicating is
a problem in my team”, “the quality of information exchange in our team is good” and “I get
new facts, insights, and ideas from my colleagues”. One of the six items was reverse coded:
“During work meetings we tell each other what we knew already and do not exchange new
information”. Respondents indicated the extent to which these behaviors occurred on a 5-point
Likert scale, with 1 representing ‘very rarely’ and 5 representing ‘very often’ (De Dreu 2017).
After reverse-scoring, the score was calculated by averaging responses across all items. The
internal consistency estimates (α) ranged from .84 to .90 across the three measurement points
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(See Table 13 for reliability estimates).
Control Variables
Preference for Online Social Interaction. Groups members’ preference for online social
interaction was assessed using a scale provided by Caplan (2003), which consists of two factors:
perceived social benefit and perceived social control. The perceived social benefit of online
social interaction refers to the extent to which an individual perceives increased control when
interacting with others virtually whereas perceived social control of online social interaction
refers to the extent to which an individual perceives online interaction as being associated with
greater benefits than face-to-face interaction. The construct was assessed via an 11- item, 5-point
Likert scale, with 1 representing ‘strongly disagree’ and 5 representing ‘strongly agree’. (Caplan
2003). There were no reverse-scored items. Scores were calculated by averaging responses
across every item (See Appendix G for a full list of scale items). The internal consistency
estimate (α) obtained for the single measurement point was .87
Performance
At the conclusion of each of the three task episodes, performance was objectively
assessed via the accuracy of the answers that study participants submitted to the study
administrator. These performance scores were used to provide performance feedback to
participants after the completion of each task episode
Individual Performance. For groups in low outcome interdependence conditions,
individual performance scores ranged from zero to two (i.e., 0, 1, or 2), depending on the number
of questions the individual answered correctly. Immediately following each of the three task
episodes, the administrator tallied the number of correct responses and distributed the
performance feedback to each participant separately.
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Group Performance. for groups in the high outcome interdependence conditions,
performance scores ranged from zero to six (i.e., 0, 1, 2, 3, 4, 5, or 6), depending on the number
of questions the group answered correctly. Immediately following each of the three task
episodes, the administrator tallied the number of correct responses and distributed the
performance feedback to the participants
Analytic Strategies
The data analysis consisted of three primary phases. The first phase involved coding the
group CMC data for the frequency and distribution of both task-oriented and relationshiporiented content. The second phase involved screening, cleaning, and aggregating the data and
running descriptive analyses. The final phase involved testing the hypotheses using multilevel
modeling and the HLM (Hierarchical Linear Modeling) computer program developed by Bryk
and Raudenbush, which is well-suited for examining fixed effects within a multilevel design
(i.e., individuals nested in groups). The single-level (i.e., group) effects were testing using SPSS.
CMC Data Coding. The first phase of the analysis involved cleaning, coding and
analyzing the CMC data, which was all timestamped and stored on Slack. The process of
preparing the CMC data to be coded and analyzed consisted of several steps. First, the CMC
from each Slack channel (i.e., each group) was copied into Excel. Next, each group CMC
transcript was split up so that the text associated with each of the three distinct task episodes and
the CMC that occurred in between each episode could be analyzed as five separate occasions
(i.e., during task 1; in between task 1 and 2; during task 2; in between task 2 and 3; during task
3). Once this step was completed, all the communications related to the administrator were
removed from all the transcripts. This meant removing all of the standard communications the
administrator provided in the beginning of each task episode (e.g., ensuring participants were
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present; ensuring participant received their emails containing the clues; officially starting the 20
minute task once all were ready) and at the end of each episode (e.g., communicating when time
was expired; ensuring the answers were received via email; reminding participants about the next
requirement). It also meant removing any other interactions to and from the administrator, which
were almost always procedural questions (e.g., “we get two credits for this study, right?”) or
related to technical difficulties (e.g., “I keep getting logged off of Slack”).
After these steps were completed and the CMC had been cleaned and organized, the
transcripts were all coded for content by three subject matter experts (SMEs). The CMC content
coding scheme distinguished between task-oriented and relationship-oriented communication,
which is a common framework used to analyze team processes (Courtright et al., 2015) and
communication behaviors (Marlow et al., 2017). For the task paradigm used in this dissertation
we defined task-oriented communication behavior as information sharing, asking task-related
questions, stating an inference or conclusion, disagreeing with another’s position, comparing
solutions, summarizing progress, or facilitating the discussion. Relationship-oriented
communication behaviors were defined as praising, encouraging, supporting, providing positive
humor, small talk, and other forms of socialization (See Table 2 for coding scheme).
Table 2: Task and Relationship-oriented Communication Framework
Task Oriented Communication

Relationship Oriented Communication

•

Sharing information

•

Praising

•

Asking task-related questions

•

Encouraging

•

Stating an inference or conclusion

•

Supporting

•

Disagreeing with another’s position

•

Providing positive humor

•

Comparing solutions

•

Offering small talk
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•

•

Summarizing & Facilitating

Socializing

There is little precedent for this type of CMC content analyses in the virtual team
literature (Marlow et al., 2017). Therefore, several steps were taken to ensure the coding scheme
could be interpreted as sufficiently reliable. First, an orientation meeting was held with the
principle investigator and two research assistants to discuss the criteria by which all
conversations should be coded (i.e., relationship-oriented or task-oriented content). The coding
team then conducted a sample coding exercise as a group. This session involved going through
the transcript line by line, taking turns identifying the content category of each message and
discussing any disagreements. The content was coded on the “idea” level of analysis. In other
words, each distinct idea that was communicated as part of the conversation between group
members was coded as either a task-oriented message or relationship-oriented message. After the
initial orientation with the coding team, the team members dispersed, and two members
independently coded a task episode transcript. A transcript with relatively more CMC was
selected to ensure there was enough content for a meaningful coding exercise. Both Percentage
agreement and Kappa reliability indices were used to assess the reliability of the coding scheme.
Percentage agreement (PA) index was used to assess interrater consistency. PA is the ratio
of items on which multiple coders agree to the total number of items rated (Syed & Nelson,
2015). It can be represented as:
PA = NA/(NA + ND) x 100
where NA represents the total number of agreements and ND represents the total number of
disagreements.
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Kappa index was also used to determine the extent to which rater agreement could be
attributable to chance (Cohen, 1960). The formula is:
K = (Po - Pc)/(1 - Pc)
Where K is the proportion of agreement between raters that is not due to chance, Po is the simple
proportion of agreement and Pc is an index of chance
After the initial round of coding, the group met for a calibration session to identify and
discuss discrepancies between their coding schemes. This session involved discussing each
coded transcript line by line, pointing out any discrepancies between the coding and collectively
determining the proper category in those instances. Next, the lead researcher and one other
research assistant coded two additional randomly selected task episode transcripts. A second PA
analysis and Kappa analysis was conducted and as adequate consistency between coding criteria
among the raters was established, the entire dataset of CMC transcripts was coded in accordance
with the criteria by the lead researcher and one research assistance. In other words, interrater
reliability was established so the remainder of the data could be coded with confidence that the
scheme was reliable.
After the CMC data was all coded as either task-oriented or as relationship-oriented
content, the data was analyzed to determine the group frequencies and distributions of each
communication content type for each occasion. More specifically, frequency was calculated by
counting the number of distinct messages communicated by the group in the CMC transcript and
dispersion of CMC behaviors was calculated with the standard deviation (SD) or variability in
the number of messages communicated by each group member.
Data Cleaning & Descriptive Analyses. Once the CMC was coded, the data was
organized into six group-level variables: (i.e., CMC group frequency, CMC group dispersion.

77

task-oriented CMC group frequency; task-oriented CMC group dispersion; relationship-oriented
CMC group frequency; relationship-oriented CMC group dispersion). Since asynchronous
communication was not observed in any of the groups, each CMC group-level variable was
generated for each of the three task episodes (i.e., on Monday, Wednesday, and Friday of the
simulation), but not for communication occurring in between task episodes, resulting in a total 18
group-level CMC variables. Descriptive analyses were run to examine the distribution and
descriptive characteristics of the data (i.e., mean, SD, skewness) for each variable.
Next, the data from the three participant surveys were downloaded from Qualtrics into
SPSS for analysis. The data was then organized, reverse items scores corrected, and measures
were taken to ensure the dataset did not contain systematic missing data. Once this step was
complete, scale items were aggregated into compositive variables for each of the seven
attitudinal constructs (i.e., team cohesion, affect-based team trust, cognition-based team trust,
composite team trust; team efficacy; self-efficacy, & group information sharing), as well as for a
single control variable (i.e., preference for electronic communication) by averaging across group
members. Each of the seven attitudinal constructs were measured on three occasions (i.e.,
Tuesday, Thursday, and Friday of the simulation), resulting in 22 individual-level attitudinal
composite variables. Once all of the composite variables were created, descriptive analyses were
conducted to examine the variable distributions. Reliability analyses was conducted for each
scale on each measurement occasion to ensure the scale items were internally consistent.
Finally, in order to justify aggregating individual-level data into group-level variables,
one must demonstrate adequate homogeny on the individual-level of analysis (Klein &
Kozlowski, 2000). Therefore, the intra-class correlations ICC(2) was calculated for each of the
seven group attitudinal constructs to determine the degree of within-group relatedness on each
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emergent attitudinal variable. As discussed above, the ICC(1) coefficient provides an estimate of
the extent to which the total variance associated with a measure can be explained by group
membership (Bliese, 2000). On the other hand, the ICC(2) determines the reliability of the group
means and the value of the ICC(2) increases as group size increases and/or as variability between
group means increases. An ICC(2) value of .7 or higher is an indication that aggregation is
appropriate (Klein & Kozlowski, 2000). After it was determined if emergence occurred and
whether group-level aggregation could be justified, the data was aggregated and split by group to
create the group-level data file needed for the multilevel analysis.
Hypothesis Testing. After the SPSS files were finalized, multilevel analysis was used to
assess the characteristics of the emergent phenomena and SPSS was used to measure effects on
the group level of analysis. The first step involved running a null model for each emergent
outcome variable to calculate the ICC (1) values to determine whether multilevel analysis was
appropriate. More specifically, if the ICC (1) values were too low (i.e., below .1), multilevel
modeling would not be well suited for the data. After running the null models, the alternative
models were run to test the hypotheses.
The HLM methodology involves two stages of analysis. In the first stage, which
represents a level-1 model, the group parameters were calculated and in the second stage, which
represents a level-2 model, the between-group differences in those parameters were assessed
(Bryk & Raudenbush, 2002). The level-1 model can be expressed as:

Yij = b 0 j + b 1 j C ij + rij
where Yij is the score on the outcome (e.g., perception of collective efficacy) for the ith group
member in triad j, β0j is the intercept for triad j, β1j is the slope for triad j, Xij is the value on the
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predictor (e.g., frequency of task-oriented communication) for the ith group member in triad j,
and rij is the Level 1 error term for group member i in triad j.
The second stage, or level-2 model, the level-1 regression coefficients (i.e., B0j & B1j)
were plugged into the equations as outcome variables to test the effects of level-2 predictors.
Level-2 models describe the variability across groups and can be expressed as:

b 0 j = g 00 + g 01W j + u 0 j
b1 j = g 10 + g 11W j + u1 j
where γ00 and γ10 are overall adjusted group mean intercepts (e.g., collective efficacy), Wj is the
value on the Level 2 predictor (i.e., group membership) for group members of triad j, γ01 and γ11
are the regression coefficients relative to Level 2 slopes, and u0j and u1j are the Level 2 error
terms.
Next, the alternative models were used to test the hypotheses. All hypotheses that
included data on multiple levels of analysis were conducted using multilevel regression and for
each model we ran the level two predictor was centered around its grand mean. The hypotheses
that examined only group level variables were analyzed using simple ANOVAs, MANOVAs,
and linear regression analysis in SPSS.
Results
The results of this study are presented in three sections: CMC analysis, survey analysis,
and hypothesis testing.
CMC Analysis
The CMC transcripts were all coded for content and analyzed by the primary researcher
and two research assistants, all with graduate training in I-O psychology or a related field. Task
episodes were administered on Monday, Wednesday, and Friday of each group simulation when
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at least two of three group members logged into the Slack platform at the agreed upon time. A
total of 93 task episodes were administered across the three time periods for the 36 groups that
participated in the study. In other words, 93 of 108 potential task episodes were conducted. Out
of the 15 task episodes that were not administered, 4 were due to situational constraints (i.e., the
simulations was only run from Monday to Wednesday during Thanksgiving week and during the
final week of the Fall, 2019 semester) and the other 11 were canceled because less than two
group members logged onto Slack during the agreed upon time for the task episode. See Table 3
for a breakdown of the task episodes administered by condition and time period.
Each condition reflected a different configuration of structural interdependence. Groups
in condition 1 were administered the high outcome interdependence and high task
interdependence manipulations, groups in condition 2 were administered the high outcome
interdependence and the low task interdependence manipulations, groups in condition 3 were
administered the low outcome interdependence and high task interdependence manipulations,
and groups in condition 4 were administered the low outcome interdependence and the low task
interdependence manipulations. The task episodes that were not administered (i.e., missing data)
varied slightly across conditions. More specifically, a total of 25 task episodes were run on
groups in condition 3, a total of 24 task episodes were run for groups in condition 1, and a total
of 22 task episodes were run for groups in conditions 2 and 4. The missing data also varied only
slightly over time. More specifically, 32 task episodes were administered during time 1, 32 task
episodes were administered during time 2, and 29 task episodes were run during time 3.
This section is organized into three subsections: CMC Content Coding Results, Group
CMC Frequency Results, and Group CMC Dispersion Results, which reflect the three
dimensions of text-based virtual communication that were examined in the study.
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Table 3: Number of Task Episodes Administered By Time and Condition
Time 1 (Mon)

Time 2 (Wed)

Time 3 (Fri)

Total

Condition 1

8

8

8

24

Condition 2

8

8

6

22

Condition 3

8

9

8

25

Condition 4

8

7

7

22

Total

32

32

29

93

Note. Condition 1 = high outcome interdependence & high task interdependence; Condition 2 =
high outcome interdependence & low task interdependence; Condition 3 = low outcome
interdependence & high task interdependence; Condition 4 = low outcome interdependence &
low task interdependence
CMC Content Coding Results
The CMC was coded for task-oriented and relationship-oriented content, a common
framework for analyzing communication in decision making groups (Keyton, 1997; Marlow et
al., 2017) and team processes more generally (Courtright et al., 2015 Marks et al., 2001). The
result of the first PA analysis between the three raters was 87%. More specifically, the three
coders agreed on the content orientation (i.e., either task-oriented or relationship-oriented) for 95
out of the 109 messages contained within the task episode transcript. The kappa calculation for
the first round of coding was .73. After completing the calibration session, the coders reviewed
two additional task episode CMC transcripts. The result of this second PA analysis between the
three raters across the second sample set of two transcripts was 98%. More specifically, the three
raters agreed on the content orientation for an average of 81 out of 83 messages contained with
each task episode CMC transcript. The kappa calculation for the second round of coding was .90
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This post-calibration analysis was interpreted as sufficient evidence of a reliable coding scheme
and the remainder of the data was coded in accordance with the criteria
Qualitative Summary of CMC. A wide variety of both task-oriented and relationshiporiented CMC content was exhibited and coded in all conditions and across all three task
episodes. The types of task-oriented behaviors we observed varied extensively (See Table 4).
Necessitated by the nature of the session, the most common task-oriented communication
behaviors included group members sharing task-critical information with one another (e.g., clues
related to solving the mystery scenarios). Participants were also observed asking task-oriented
questions to solicit other member’s perspectives on the mystery questions. There were also many
occasions in which participants stated their inferences or conclusions, such as when offering an
answer to a mystery question or explaining why a proposed answer from another group member
could not be correct. Members were also observed disagreeing with each other over how clues
should be interpreted and on different possible answers to the questions. Finally, participants
were also observed summarizing the group’s progress at various stages of the task and
facilitating the conversation in other ways like by offering strategies for how the group ought to
complete the task.
Although relationship-oriented CMC was exhibited far less frequently than task-oriented
CMC (see Table 6), many forms of relationship-oriented communication behaviors were
observed during the task episodes and coded for in the CMC transcripts (see Table 5). For
example, group members praised one another for answering questions correctly, or when
figuring out what answer options could be eliminated for particular questions. Some group
members were also observed encouraging the group or particular members to do better next time
or by minimizing an error that a group member had made in his or her reasoning. At times group
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members would support one another, such as by helping each other understand what is required
for the task or by asking if their fellow group members needed help with their own questions.
Other observations included group members offering positive humor or small talk, particularly at
the beginning and end of the task episodes and socializing by expressing their interest in
developing deeper relationships with their fellow group members outside the confines of the
study.
In sum, the types of CMC behaviors observed during the task episodes reflected the team
processes framework (i.e., task-oriented & relationship-oriented communication) that was
embedded within several of the study’s hypotheses (i.e., H3, H4, H9, H10, H11, H12, H13, H14,
H15, H16, H17, & H18).
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Stating an inference or conclusion

Asking task-related questions

Sharing information

Communication behavior

“So, then it took place on the train tracks?”
“One question, how do we know Dr. Brink is a woman?”
“So, the murder weapon is most likely a hammer, small possibility of crossbow?”
“I say the murder happens at the post office, then it was moved to the mall where the

•
•
•
•

•

•

“My info says that the victim was a man”

•

and destroy evidence.”

“Although the murderer could have just broken the crossbow after the murder to try

or Mr. Bino who did it.”

“I can't figure out where the murder took place yet, but I know it was either Mr. apple

murderer was caught.”

“My questions are When did the murder take place and what is the murder weapon?

at 8pm.”

“Here’s my first clue: Mr. Drucker picked up Mr. Zoodap and Mr. Trout at the mall

•

•

Examples from CMC transcripts

Table 4: Examples of Task Oriented CMC from Task Episode Transcripts
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Summarizing

Facilitating

Disagreeing with another’s position

Communication behavior

“I think we need to understand the situation first and then the questions would be

•

“OK so what we got so far: The body was found at lake house, the victim was Dr.

•

•

“What is everyone’s questions? We could go one by one if that’s easier?”

•

was found in the pool. The murder took place at 8 am.”

was Dr. Bink. The murderer was Mr. Jones. Murder happened in the pool. The body

“This is what we have agreed on so far. The murder weapon was poison. The victim

hammer, and the murderer is Ms. Stern.”

Fredrick, the murder took place at the train tracks, the murder weapon was a

“Let's copy and paste all of our clue here.”

•

easier from there.”

“No, it was the mall where the body was found.”

scene.”

“Just because she arrived in the office @ 3pm doesn’t mean she couldn't have been at

into her office at 3pm.”

“It can’t be Mrs. Penner because the victim was found dead at 9am and she walked

•

•

•

Examples from CMC transcripts
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•
the murder take place? Where was the body found?”

“The questions we need to answer: who is the victim? Who is the killer? Where did

Examples from CMC transcripts

Providing positive humor

Supporting

Encouraging

Praising or expressing gratitude

Communication behavior

“Everything you said makes sense. You’re good [at this task]!!”
“Good job guys, I hope we're right!”
“Awesome we got a perfect score on this one!”
“We finished so much faster today…I’m so proud of us :heart:”
“You guys need help with anything else?”
“Let us know your questions and then we can provide information to help.”
“Maybe we can help each other with our questions?”
So, it’s different ones [murder mysteries] each time, the plot T H I C K E N S.”

•
•
•
•
•
•
•

“@member3 carrying again with that big brain :100”

•
•

“Thanks for the help p3 [participant three]!”

•

Examples from CMC transcripts

Table 5: Examples of Relationship-Oriented CMC from Task Episode Transcripts

Communication behavior
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Socializing

Offering small talk

Communication behavior

“So, what’s everyone’s favorite color?”
“Want talk about cities skylines, lol.”
“Nice talk to you guys on Wednesday.”
“I definitely want to see u guys after this experiment!”
“Are any of you guys good at solving mysteries?”

•
•
•
•
•

“If you guys are at Baruch, there’s an event at MPR…It has food.”

“This is like the GRE logic question from hell [LOL].”

•

•

“WE OUT HERE SOLVING MURDERS AND ENDING SEXISM!”

•

Examples from CMC transcripts

Group CMC Frequency Results
The number of distinct task-oriented messages, relationship-oriented messages and total
(i.e., combined) messages sent during each task episode were tallied for all 36 groups. Overall,
an average of 44.69 task-oriented CMC messages, 10.30 relationship-oriented CMC messages,
and 54.91 total CMC messages were exhibited during each task episode across all four
conditions.
Group CMC Frequency Over Time. The frequencies of task-oriented and relationshiporiented group CMC were separated by task episode (i.e., first, second, and third) to examine any
changes or trends in the number of messages exhibited per task episode over time. In total, the
highest group CMC frequency was observed during the 1st task episode (i.e., 57.34), the second
highest group CMC frequency was observed during the 2nd task episode (i.e., 56.23), and the
third highest group CMC frequency was observed during the 3rd task episode (i.e., 51.17) (See
Table 6). Interestingly, the decrease in total group CMC over time was driven by a reduction in
task-oriented CMC rather than a reduction in relationship-oriented CMC. While task-oriented
messages declined steadily from 47.85 at time 1 to 44.99 at time 2 to 41.23 at time 3,
relationship-oriented CMC increased from 9.49 at time 1 to 11.23 at time 2 before leveling out at
10.30 at time 3. It could be that participants on average exhibited fewer task-oriented CMC
behaviors over time because they became increasingly familiar with the task paradigm and
therefore required less task-oriented CMC to complete the task. Under this line of reasoning, the
same decline in frequency over time would not be expected for relationship-oriented CMC
because these behaviors are less task-dependent.
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Table 6: Frequency of Group CMC Over Time

Task-oriented
CMC
Relationship
oriented CMC
Total CMC

Time 1 (Mon)
(N = 32)
47.85

Time 2 (Wed)
(N = 32)
44.99

Time 3 (Fri)
(N = 29)
41.23

All Episodes
(N = 93)
44.69

9.49

11.23

10.19

10.30

57.34

56.23

51.17

54.91

N = total number of task episodes administered
Group CMC Frequency Across Conditions. The data was also broken down to compare
group CMC frequencies across conditions. The results showed that the average number of total
CMC messages exhibited by groups per task episode was highest in condition 2 (i.e., 69.73),
second highest in condition 1 (i.e., 60.09), third highest in condition 3 (i.e., 47.37), and fourth
highest in condition 4 (i.e., 24.73). This mean relatively higher total CMC frequencies were
observed in groups operating in high outcome interdependency (i.e. conditions 1 & 2; weighted
average = 64.70 total messages) and relatively fewer total CMC frequencies were observed in
groups operating in low outcome interdependency (i.e., conditions 3 & 4; weighted average =
36.77 total messages), which are observations consistent with what would be expected (i.e., H2).
To a lesser extent, higher total CMC frequencies were observed in groups operating in high task
interdependency conditions (i.e., conditions 1 & 3; weighted average = 53.60) than in groups
operating in low task interdependency conditions (i.e., conditions 2 & 4 = 47.23), which are
observations that are also consistent with expectations (i.e., H1).
The breakdown of task-oriented and relationship-oriented group CMC frequency was
also compared across conditions (See Table 7). As predicted by H4, groups operating under high
outcome interdependency engaged in more relationship-oriented behaviors (i.e., conditions 1 &
2; weighted average = 13.01) than groups operating under low outcome interdependency (i.e.,
conditions 3 & 4; weighted average = 5.04). Interestingly, the highest average task-oriented
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CMC frequency (i.e., 53.77) was observed in groups operating under low task interdependency
and high outcome interdependency (i.e., condition 2). On the other hand, the average group taskoriented behaviors were more consistent in the high task outcome interdependency conditions
(i.e., 49.78 in condition 1 and 42.26 in condition 3). This pattern of results is surprising because
we predicted that task interdependence would have a greater positive effect on task-oriented
group CMC than outcome interdependence.
Table 7: Frequency of Group CMC by Condition

Task-oriented
Relationshiporiented
Total

Condition 1
(N = 24)
49.78
10.31

Condition 2
(N = 22)
53.77
15.96

Condition 3
(N = 25)
42.26
5.11

Condition 4
(N = 22)
19.76
4.97

60.09

69.73

47.37

24.73

Note. Condition 1 = high outcome interdependence & high task interdependence; Condition 2 =
high outcome interdependence & low task interdependence; Condition 3 = low outcome
interdependence & high task interdependence; Condition 4 = low outcome interdependence &
low task interdependence; N = total number of task episodes administered
Group CMC Dispersion Results
The SD was used to assess the dispersion or variability in the CMC exhibited (i.e., taskoriented CMC, relationship-oriented CMC, and total CMC) within groups over time and across
conditions. The average SD of task-oriented CMC messages sent between group members was
6.66, the average SD of relationship-oriented CMC messages sent between group members was
1.99, and the average SD of total CMC messages sent between group members was 7.35.
Group CMC Dispersion Over Time. The group CMC dispersion was examined and
analyzed by task episode (i.e., first, second, third) so that any changes or patterns observed in the
distribution of messages exhibited between group members across all conditions could be
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observed (See Table 8). The greatest variability in CMC messages sent between members was
observed during the first task episode (SD = 8.70), the second most variability was observed
during the second task episode (SD = 8.58) and the least variability was observed during the
third task episode (SD = 4.72). As the decline of total group CMC frequency over time was
driven by a decline in task-oriented CMC, the reduced task-oriented CMC variability over time
was driven by a reduction in the task-oriented group CMC variability. More specifically, the SD
for task-oriented CMC within groups decreased from 8.24 at time 1 to 7.03 at time 2 to 4.72 at
time 3 whereas the SD for relationship-oriented SD increased from 1.75 at time 1 to 2.19 at time
2 before leveling out at 1.99 at time 3.
Table 8: SD of CMC Within Groups Over Time

Task-oriented
CMC
Relationship
oriented CMC
Total CMC

Time 1 (Mon)
(n = 32)
8.24

Time 2 (Wed)
(n = 32)
7.03

Time 3 (Fri)
(n = 29)
4.72

All Episodes
(n = 93)
6.66

1.75

2.19

2.02

1.99

8.70

8.58

4.77

7.35

N = number of task episodes administered
Group CMC Dispersion Across Conditions. A comparison across conditions revealed
that the most within-group variability in total CMC was observed in condition 2 (SD = 12.55),
the second most within-group variability in total CMC was observed in condition 4 (SD = 8.99),
the third most within-group variability in total CMC was observed in condition 1 (SD = 6.88),
and the least within-group variability in total CMC was observed in condition 3 (SD = 6.55) (See
Table 9).
As expected (i.e., H3), the within-group variability in task-oriented group CMC was
lower for groups operating under high task interdependency (i.e., conditions 1 & 3; weighted SD
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average = 5.99) than for groups operating under high outcome interdependency (i.e., conditions 1
& 2; weighted SD average = 8.92). The same pattern, predicted by H4, was not observed in the
SD of relationship-oriented CMC between group members - the SD of relationship-oriented
CMC for groups in high outcome interdependent conditions (i.e., conditions 1 & 2; weighted SD
average = 2.58) was higher than the SD of relationship-oriented group CMC for groups in the
high task interdependency conditions (i.e., conditions 1 & 3; weighted SD average = 1.82).
Table 9: SD of CMC Within Groups By Condition

Task-oriented
CMC
Relationship
oriented CMC
Total CMC

Condition 1
(N = 24)
6.27

Condition 2
(N = 22)
11.82

Condition 3
(N = 25)
5.73

Condition 4
(N = 22)
7.43

2.06

3.14

1.59

2.84

6.88

12.55

6.55

8.99

Note. Condition 1 = high outcome interdependence & high task interdependence; Condition 2 =
high outcome interdependence & low task interdependence; Condition 3 = low outcome
interdependence & high task interdependence; Condition 4 = low outcome interdependence &
low task interdependence; N = total number of task episodes administered
Survey Analysis Results
All of the survey data was analyzed to examine the distribution characteristics on the
individual level of analysis. Out of the 108 individuals who participated in the study, 92
participants completed the survey on Tuesday (time 1), 90 participants completed the survey on
Thursday (time 2), and 80 participants completed the survey on Friday (time 3). Due to
situational constraints (i.e., shortened school weeks due to Thanksgiving week and end of the
semester), four groups (i.e., 12 individuals) were not provided the opportunity to complete the
final survey on Friday.
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Overall, the distributions were inflated across all the measures and time periods (See
Table 10). To more precise, the mean scale scores averaged across all three time periods was
5.14 for team cohesion, 5.17 of team efficacy and 5.24 for self-efficacy (all measured on 7-point
Likert scales) and 3.30 affect-based team trust, 3.82 cognition-based team trust, 3.57 compositetrust, and 3.56 for information sharing (all measured on a 5-point Likert scales). The analysis of
the survey data was compared over time and across conditions.
Descriptive Analysis of Survey Data Over Time
The survey data was compared across the three measurement periods (i.e., days 2, 4 and 5
in the experimental simulation). There was a consistent jump in the mean scores from time 1 (on
Tuesday) to time 2 (on Thursday) across all survey variables. More specifically, as can also be
seen in Table 10, the mean score for team cohesion increased from 5.01 to 5.30; the mean score
for team efficacy increased from 4.85 to 5.49; the mean score for self-efficacy increased from
5.07 to 5.45; the mean score for cognition-based team trust increased from 3.69 to 3.97; the mean
score for affect-based team trust increased from 3.12 to 3.33; the mean score for composite team
trust increased from 3.41 to 3.65; and the mean score for information sharing increased from
3.47 at to 3.64. This pattern provides some initial evidence that individual perceptions about their
groups increase over time with increased interaction and exposure to group members (i.e., H9,
H10, H11, H12, & H13).
However, the same consistent and sizeable increase in mean scores was not observed
from time 2 (on Thursday) to time 3 (on Friday) across the four conditions. Instead, the mean
scores appeared to level out. More specifically, after a .29 increase from time 1 to time 2, the
mean score for team cohesion decreased .05 from 5.30 at time 2 to 5.25 at time 3; after a .64
increase from time 1 to time 2, the mean score for team efficacy decreased .17 from 5.49 at time
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2 to 5.32 at time 3; after a .38 increase from time 1 to time 2, the mean score for self-efficacy
decreased .15 from 5.45 at time 2 to 5.30 at time 3; after a .28 increase from time 1 to time 2, the
mean score for cognition-based team trust decreased .06 from 3.97 to 3.91; after a .21 increase
from time 1 to time 2, the mean score for affect-based team trust increased .17 from 3.33 at time
2 to 3.50 at time 3; after a .24 increase from time 1 to time 2, the mean score for composite team
trust increased .05 from 3.65 at time 2 to 3.70 at time 3; and after a .17 increase from time 1 to
time 2, information sharing increased .01 from 3.64 at time 2 to 3.65 at time 3.
The SDs associated with these measurements across all conditions were also examined as
changes in between-person variability are related to the detection of emergence. When
examining the SDs over time, a different pattern was observed across the set of variables. More
specifically, for 5 of 7 variables. the SD decreased from time 1 to time 2. The SD for team
cohesion decreased from 1.42 to 1.35; the SD for team efficacy decreased from 1.24 to 1.19; the
SD for cognition-based team trust decreased from .91 to .83; the SD for composite team trust
from .80 to .78; and the SD for information sharing decreased from .83 to .77. The exceptions to
this trend were self-efficacy, which was associated with a .04 increase in the SD from 1.02 at
time 1 to 1.06 at time 2 (note: self-efficacy is not an emergent variable), and affect-based team
trust, which was associated with a .03 jump from .89 at time 2 to .92 at time 2. The general
patterns observed – an increase in mean scores from 1 time to time 2 coupled with a decrease in
between-person variability in scores (i.e., SD) from time 1 to time 2 provide some initial support
for emergence, or the convergence of group members perceptions into shared (i.e., group level)
states over time, as predicted by H6 and H8.
Interestingly and counter to our expectations, the SD associated with each of the seven
scales increased from time 2 to time 3, and in every case the SD value was greater at time 3 than
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at either of the other two measurement points. More specifically, for team cohesion, the SD
increased from 1.35 at time 2 to 1.53 at time 3; for team efficacy the SD increased from 1.19 at
time 2 to 1.35 at time 3; for self-efficacy the SD increased from 1.06 at time 2 to 1.20 at time 3;
for cognition-based team trust the SD increased from .83 at time 2 to .94 at time 3, for affectbased team trust the SD increased from .92 at time 2 to .96 at time 3; for composite team trust the
SD increased from .78 at time 2 to .86 at time 3; and for information sharing the SD increased
from .77 at time 2 to .97 at time 3.
Reliability analysis over time. The internal consistency estimates of the scores from each
scale at each measurement point was assessed using Cronbach’s alpha. As can be seen in Table
13, the internal consistencies ranged from .80 (i.e., self-efficacy at time 1) to .98 (i.e., team
cohesion at time 3). A pattern was observed across the measurement scales over time, such that
in all but one case (i.e., cognition-based team trust from time 2 to time 3) the internal consistency
increased at each successive measurement point. More specifically, the internal consistency of
team cohesion increased from .961 at time 1 to .969 at time 2 to .981 at time 3, for team efficacy
from .875 at time 1 to .910 at time 2 to .924 at time 3, for self-efficacy from .796 at time 1 to
.885 at time 2 to .904 at time 3, for cognition-based team trust from .905 at time 1 to .945 at
time 2, for affect-based team trust from .852 at time 1 to .895 at time 2 to .898 at time 3, for
composite team trust from .897 at time 1 to .914 at time 2 to .921 at time 3, and for information
sharing from .844 at time 1 to .847 at time 2 to .901 at time 3. Although this trend is not
evidence of emergence of group-level variables or shared perceptions, it provides evidence that
individual responses within measurement scales became more consistent over time.
Descriptive Comparison of Survey Data Across Conditions

96

The means and SDs of the scale measurements were also compared across conditions
(See Table 11). An examination of these findings revealed that the mean scores remained fairly
stable across conditions 1, 2 and 3 but dropped consistently for participants and groups in
condition 4 (i.e., low outcome interdependency & low task interdependency). More specifically,
perceptions of team cohesion (i.e., 4.73), team efficacy (4.70), self-efficacy (i.e., 5.20),
cognition-based team trust (i.e., 3.50), affect-based team trust (2.95), composite team trust (i.e.,
3.22), and group information sharing (i.e., 3.26) were all lowest in condition 4, which suggests
that either the task interdependency manipulation (i.e., H1), the outcome interdependency
manipulations (i.e., H2, or a combination of both manipulations (i.e., H3 & H4) could account
for the variability in mean scores across conditions. Interestingly, self-efficacy was the variable
with most consistent scores across conditions, which supports the notion that perceptions related
to one’s own capability to perform is less impacted by structural interdependencies than
perceptions related the group’s capability to perform (i.e., H1). An additional note is that the
mean score for the covariate – Comfort level with CMC - was also lowest for individuals and
groups in condition 4 (i.e., 2.63), which is an indication that even though it was only measured at
time 1, the responses on the control variable scale (which reflect a general comfort level with
online communication) may have been influenced by the manipulations. For this reason, the
covariate was dropped from the analyses, as it could not be treated as independent from the
experimental manipulations.
Task interdependency was predicted to have greater effects on team efficacy and
cognition-based team trust than outcome interdependency (i.e., H3) while outcome
interdependency was predicted to have greater effects on team cohesion and affect-based team
trust than task interdependency (i.e., H4). A review of the data does not show a pattern that
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would be consistent with these findings. For example, the mean score for team efficacy was
highest for groups in condition 2 (i.e., 5.40), or groups operating under high outcome
interdependency and low task interdependency, which would not be expected under H3. On the
other hand, the mean score for affect-based team trust (i.e., 3.47) was highest in condition 3, or
groups operating under low outcome interdependency and high task interdependency, which
would not be expected by H4.
Descriptive trends over time across conditions. Greater nuance in the data is revealed
when examining the trends in mean scores over time and across conditions at the same time (See
Table 13). More specifically, as was observed in Table 10, the scores increased from time 1 to
time 2 and either leveled off or declined at time 3. However, when breaking this data down by
condition, it became clear that the decline from time 2 to time 3 was mostly driven by groups in
condition 3 and condition 4 or those operating under low outcome interdependency rather than
groups in condition 1 and 2, or those operating under high outcome interdependency. More
specifically, the mean scores for team cohesion, team efficacy, cognition-based team trust,
affect-based team trust, composite team trust, and information sharing all increased from 2 to
time 3 for groups in condition 1 and for groups in condition 2 (with the exception of team
efficacy). On the other hand, the mean scores for team cohesion, team efficacy, self-efficacy,
cognition-based team trust, and group information sharing all decreased from time 2 to time 3 for
groups in condition 3 and for groups in condition 4 (with the exception of team cohesion). In
sum, different patterns of change over time in team-related attitudes were seen across different
conditions, which could be indicative of the interaction between structural interdependencies and
CMC exhibited by the group on team member attitudes over time (i.e., H9, H10, H11, H12, H13,

98

99

3.12

3.41

3.47

2.89

91

91

91

92

.74

.83

.80

.89

.91

1

1

1

1

1

5

5

5

5

5

90 3.64

90 3.65

90 3.33

90 3.97

90 5.45

.77

.78

.92

.83

1.06

1

1

1

1

1

5

5

5

5
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7
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7

1

91

1.02 1

1.19

5.07

89 5.49

92

7

92

1.24 1

4.85

N
92

N = number of individual scores across conditions

Team
Cohesion
Team
efficacy
Selfefficacy
Cognitionbased Trust
Affectbased Trust
Composite
Trust
Info
Sharing
Comfort
with CMC

Time 1 (Day 2)
Time 2 (Day 4)
Mean SD Min Max N Mean SD
Min Max
5.01 1.42 1 77 7
90 5.30
1.35 1
7

Table 10: Descriptive Statistics for all Survey Variables Over Time
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1
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262
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Time 3 (Day 5)
Mean SD
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5.25 1.53 1
7
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5.17

.74 1

.55 1

.52 1
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.76

.74

.70

1

1

1

1

1

1

1
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SD
Min
.71
1

5

5

5

5

5

7

7
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7
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67
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67
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N
67

3.00

3.69

3.73

3.47
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5.27

5.34

.82

.53

.52

.59

.53

.63
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1

1

1

1

1
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Mean SD
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.91
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59
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3.50
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.71

.67
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.65

.80

.90

1

1

1

1

1

1
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Condition 4
Mean SD
Min
4.73
1.15 1

interdependence & low task interdependence; N = number of individual scores across all three time periods

task interdependence; Condition 3 = low outcome interdependence & high task interdependence; Condition 4 = low outcome

Note. Condition 1 = high outcome interdependence & high task interdependence; Condition 2 = high outcome interdependence & low

Comfort
with CMC

Cognitionbased Trust
Affect-based
Trust
Composite
Trust
Info Sharing

Team
Cohesion
Team
efficacy
Self-efficacy

Mean
5.16

N
71

Table 11: Descriptive Statistics for all Survey Variables Across Conditions
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Time 3
5.46

Condition 2
Time 1 Time 2
5.27
5.57

Time 3
5.62

Condition 3
Time 1 Time 2
4.75
5.73

Time 3
5.30

Condition 4
Time 1 Time 2
5.23
4.50

Time 3
4.60

interdependence & low task interdependence

task interdependence; Condition 3 = low outcome interdependence & high task interdependence; Condition 4 = low outcome

Team
Cohesion
Team
4.85
5.44
5.46
5.10
5.75
5.60
4.90
5.76
5.40
4.50
4.95
4.83
efficacy
Self5.09
5.50
5.24
5.10
5.26
5.60
4.96
5.73
5.13
5.13
5.30
5.29
efficacy
Cognition- 3.70
3.97
4.05
3.77
4.05
4.07
3.71
4.26
3.99
3.60
3.55
3.55
based Trust
Affect3.29
3.28
3.53
3.20
3.50
3.56
3.02
3.55
3.88
2.96
2.95
2.99
based Trust
Composite 3.50
3.63
3.80
3.48
3.78
3.82
3.36
3.90
3.94
3.28
3.25
3.24
Trust
Info
3.43
3.70
3.72
3.60
3.67
3.90
3.38
3.92
3.80
3.47
3.25
3.18
Sharing
Comfort
2.94
2.96
3.00
2.63
with CMC
Note. Condition 1 = high outcome interdependence & high task interdependence; Condition 2 = high outcome interdependence & low

Condition 1
Time 1 Time 2
4.83
5.32

Table 12: Mean Comparison of Survey Data Over Time

Table 13: Alpha Coefficients for all Survey Variables Over Time
Team Cohesion
Team efficacy
Self-efficacy
Cog-based Trust
Affect-based Trust
Composite Trust
Info Sharing
Comfort with
CMC

Time 1
.96
.88
.80
.90
.85
.89
.84
.87

Time 2
.97
.91
.89
.95
.90
.91
.85

Time 3
.98
.92
.90
.94
.90
.92
.90

Hypothesis Testing
Several steps were taken to test the hypothesis. First a null model for each emergent
variable was run using multilevel modeling to determine ICC (1) values. Next, the alternative
models were used to test the hypotheses. All hypotheses that included data on multiple levels of
analysis were conducted using multilevel regression and for each model we ran the level two
predictor centered around its grand mean. The hypotheses that examined only group level
variables were analyzed using simple ANOVAs, MANOVAs, and linear regression analysis in
SPSS. A summary of all of the hypothesis testing can be found in Table 16
Null Models.
The null model for each emergent group-level variable was run to examine the
proportion of within group variance to between-group variance in the data. More specifically, the
null model was run for each group attitude at each time period by plugging the variable in as the
level 1 dependent variable in the multilevel model. Several patterns can be observed from these
estimates (See Table 15). First, the relationship-oriented group attitudes – team cohesion, affectbased team trust, and composite team trust appeared to emerge at time 2 (i.e., on Thursday in the
experimental simulation). More specifically, the total variability accounted for by group
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membership – the ICC (1) increased from .005 at time 1 to .467 at time 2 for team cohesion,
from .020 to .237 for affect-based team trust, and from .011 at time 1 to .409 at time 2 for
composite team trust. On the other hand, task-oriented group attitudes – team efficacy and
cognition-based team trust, seemed to emerge more immediately at time 1 (i.e., on Tuesday in
the experimental simulation). More specifically, the total variability accounted for by group
membership was .455 at time 1 for team efficacy and .224 for cognition-based team trust. This
pattern may indicate that relationship-oriented collective states take longer to emerge than taskoriented collective states. It is important to note that self-efficacy was the only attitudinal
variable for which the variability accounted for by group membership decreased from time 1
(i.e., .229) to time 2 (i.e., .001) and remained low at time 3 (.088). This finding is to be expected
as self-efficacy is not a group-level construct and therefore participants’ perceptions of selfefficacy should be less impacted by their group membership as time goes on.
Finally, to the extent group perceptions emerged from time 1 to time 2, reflected by
increased mean values and decreased SDs (for most variables) (See Table 11) and higher ICC (1)
estimates, it appeared as though those group perceptions refractured or became more
heterogeneous again at time 3, reflected by marginally lower group means, relatively lower ICC
(1) estimates and relatively higher SDs. More specifically, The ICC (1) estimates decreased for
team cohesion from .467 at time 2 to .406 at time 3, team efficacy from .498 to .248 at time 3,
cognition-based team trust from .533 at time 2 to .369 at time 3, for affect-based team trust from
.237 at time 2 to .143 at time 3, and for composite team trust from .409 at time 2 to .313 at time
3. Although inconsistent with what would have been predicted by H6 and H8, these patterns may
reflect the divergence that naturally occurs at the end of a team’s lifecycle – in this context
participants understood that the groups dissolved after the final task episode. Finally, the one
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variable that did not follow this pattern was group information sharing, for which the ICC (1)
dropped from .233 at time 1 to .059 at time 2 and then jumped substantially to .611 at time 3.
Table 14: ICC (1) Values for All Survey Variables Over Time

Team Cohesion
team efficacy
Self efficacy
Cog-based Trust
Affect-based Trust
Composite Trust
Info Sharing
Comfort with
CMC

Time 1 (day 2)
.005
.455
.229
.224
.020
.011
.233
.199

Time 2 (day 4)
.467
.498
.001
.533
.237
.409
.059

Time 3 (day 5)
.406
.248
.088
.369
.143
.313
.611

Main Effects of Task Interdependence (H1).
The first set of hypotheses predicted that task interdependence would have a positive
effect on group attitudes and group CMC. Overall, the results showed that task interdependency
did not have a significant effect on team trust, team cohesion, team efficacy, and group
information sharing. The results also demonstrated that task interdependence had mostly nonsignificant relationships with group CMC variables with one exception - task interdependence
was found to have a positive significant effect on the frequency of group CMC exhibited on day
5 (i.e., H1e).
H1a. It was hypothesized that groups in the high task interdependence condition would
perceive higher levels of team trust than groups in the low task interdependence condition on
days 2, 4 & 5. The results showed that task interdependence had a non-significant effect on team
trust. More specifically, multilevel regression models were run by plugging in task
interdependence as the level 2 predictor and team trust as the level 1 dependent variable for each
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time period. There was a non-significant effect of task interdependence on team trust measured
on day 2 at the p<.05 level (b = .000868, p = .999). There was non-significant effect of task
interdependence on team trust measured on day 4 at the p<.05 level (b = -.110163, p = .896).
There was non-significant effect of task interdependence on team trust measured on day 5 at the
p<.05 level (b = .097323, p = .945).
H1b. It was hypothesized that groups in the high task interdependence condition would
perceive higher levels of team cohesion than groups in the low task interdependence condition on
days 2, 4 & 5. The results showed that task interdependence had a non-significant effect on team
cohesion. More specifically, multilevel regression models were run by plugging in task
interdependence as the level 2 predictor and team cohesion as the level 1 dependent variable for
each time period. There was a non-significant effect of task interdependence on team cohesion
measured on day 2 at the p<.05 level (b = -.46707, p = .808). There was a non-significant effect
of task interdependence on team cohesion measured on day 4 at the p<.05 level (b = .020938, p =
.992). There was non-significant effect of task interdependence on team cohesion measured on
day 5 at the p<.05 level (b = -.046478, p = .982).
H1c. It was hypothesized that groups in the high task interdependence condition would
perceive higher levels of team efficacy than groups in the low task interdependence condition on
days 2, 4 & 5. The results showed that task interdependence had a non-significant effect on team
efficacy. More specifically, multilevel regression models were run by plugging in task
interdependence as the level 2 predictor and team efficacy as the level 1 dependent variable for
each time period. There was a non-significant effect of task interdependence on team efficacy
measured on day 2 at the p<.05 level (b = .058947, p = .975). There was non-significant effect of
task interdependence on team efficacy measured on day 4 at the p<.05 level (b = .-.455679, p =
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.827). There was non-significant effect of task interdependence on team efficacy measured on
day 5 at the p<.05 level (b = -.222992, p = .912).
H1d. It was hypothesized that groups in the high task interdependence condition would
perceive higher levels of group information sharing than groups in the low task interdependence
condition on days 2, 4 & 5. The results showed that task interdependence had a non-significant
effect on group information sharing. More specifically, multilevel regression models were run by
plugging in task interdependence as the level 2 predictor and group information sharing as the
level 1 dependent variable for each time period. There was a non-significant effect of task
interdependence on group information sharing measured on day 2 at the p<.05 level (b = .029318, p = .983). There was a non-significant effect of task interdependence on group
information sharing measured on day 4 at the p<.05 level (b = -.040046, p = .978). There was
non-significant effect of task interdependence on group information sharing measured on day 5
at the p<.05 level (b = -.002354, p = .999).
H1e. It was hypothesized that groups in the high task interdependence condition would
exhibit higher frequencies of synchronous CMC than groups in the low task interdependence
condition on days 1, 3, & 5. The results showed that task interdependency had a non-significant
effect on the frequency of group CMC exhibited on days 1 and 3 but did have a significant
positive effect on the frequency of group CMC exhibited on day 5. More specifically, one-way
between-subjects ANOVAs were conducted to compare the effect of high and low task
interdependence on the frequency of synchronous CMC exhibited by groups on days 1, 3, and 5.
There was a non-significant effect of task interdependence on the frequency of synchronous
group CMC exhibited on day 1 at the p<.05 level [F(1, 30) = .324, p = .573. There was a nonsignificant effect of task interdependence on the frequency of synchronous group CMC exhibited
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on day 3 at the p<.05 level [F(1, 30) = .368, p = .549. There was a significant effect of task
interdependence on the frequency of synchronous group CMC on day 5 at the p<.05 level [F(1,
27) = 4.754, p = .038.
H1f. It was hypothesized that groups in the high task interdependence condition would
exhibit higher dispersions of synchronous CMC than groups in the low task interdependence
condition on days 1, 3, & 5. The results showed that task interdependency had a non-significant
effect on the dispersion of synchronous group CMC. More specifically, one-way betweensubjects ANOVAs were conducted to compare the effects of high and low task interdependence
on the dispersion of synchronous group CMC on days 1, 3, and 5. There was a non-significant
effect of task interdependence on the dispersion of synchronous group CMC exhibited on day 1
at the p<.05 level [F(1, 30) = .400, p = .532]. There was a non-significant effect of task
interdependence on the dispersion of synchronous group CMC exhibited on day 3 at the p<.05
level [F(1, 30) = .400, p = .532]. There was a non-significant effect of task interdependence on
the dispersion of synchronous group CMC exhibited on day 5 at the p<.05 level [F(1, 27) =
3.620, p = .068].
H1g. It was hypothesized that groups in the high task interdependence condition would
exhibit higher frequencies of asynchronous CMC than groups in the low task interdependence
condition on days 2 & 4. The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation.
H1h. It was hypothesized that groups in the high task interdependence condition would
exhibit higher dispersions of asynchronous CMC than groups in the low task interdependence
condition on days 2 & 4. The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation.
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H1i. It was hypothesized that groups in the low task interdependence condition would
Perceive higher levels of self-efficacy levels than groups in the high task interdependence
condition on days 2, 4, & 5. The results showed that task interdependence had a non-significant
effect on self-efficacy. More specifically, multilevel regression models were run by plugging in
task interdependence as the level 2 predictor and self-efficacy as the level 1 dependent variable
for each time period. There was a non-significant effect of task interdependence on self-efficacy
measured on day 2 at the p<.05 level (b = -.094164, p = .962). There was a non-significant effect
of task interdependence on self-efficacy measured on day 4 at the p<.05 level (b = -.240940, p =
.907). There was a non-significant effect of task interdependence on self-efficacy measured on
day 5 at the p<.05 level (b = -.602943, p = .762).
Main Effects of Outcome Interdependence (H2).
The second set of hypotheses predicted that outcome interdependence would have a
positive effect on group attitudes and group CMC. Overall, the results showed that outcome
interdependence had a non-significant effect on team trust, team cohesion, team efficacy, and
group information sharing. However, the results did show that outcome interdependence had a
significant positive effect on synchronous group CMC frequency (i.e., H2e) and dispersion (i.e.,
H2f) such that groups who were provided shared goals and feedback engaged in more frequent
and a wider dispersion of CMC behaviors then groups provided with individual goal and
feedback structures.
H2a. It was hypothesized that groups in the high outcome interdependence condition
would perceive higher levels of team trust than groups in the low outcome interdependence
condition on days 2, 4, & 5. The results showed that outcome interdependence had a nonsignificant effect on team trust. More specifically, multilevel regression models were run by
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plugging in outcome interdependence as the level 2 predictor and team trust as the level 1
dependent variable for each time period. There was a non-significant effect of outcome
interdependence on team trust measured on day 2 at the p<.05 level (b = .629189, p = .624).
There was non-significant effect of outcome interdependence on team trust measured on day 4 at
the p<.05 level (b = .187831, p = .823). There was non-significant effect of outcome
interdependence on team trust measured on day 5 at the p<.05 level (b = .196875, p = .889).
H2b. It was hypothesized that groups in the high outcome interdependence condition
would perceive higher levels of team cohesion than groups in the low outcome interdependence
condition on days 2, 4, & 5. The results showed that outcome interdependence had a nonsignificant effect on team cohesion. More specifically, multilevel regression models were run by
plugging in outcome interdependence as the level 2 predictor and team cohesion as the level 1
dependent variable for each time period. There was a non-significant effect of outcome
interdependence on team cohesion measured on day 2 at the p<.05 level (b = .706104, p = .709).
There was non-significant effect of outcome interdependence on team cohesion measured on day
4 at the p<.05 level (b = .372771, p = .855). There was non-significant effect of outcome
interdependence on team cohesion measured on day 5 at the p<.05 level (b = .563194, p = .779).
H2c. It was hypothesized that groups in the high outcome interdependence condition
would perceive higher levels of team efficacy than groups in the low outcome interdependence
condition on days 2, 4, & 5. The results showed that outcome interdependence had a nonsignificant effect on team efficacy. More specifically, multilevel regression models were run by
plugging in outcome interdependence as the level 2 predictor and team efficacy as the level 1
dependent variable for each time period. There was a non-significant effect of outcome
interdependence on team efficacy measured on day 2 at the p<.05 level (b = .813580, p = .658).
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There was non-significant effect of outcome interdependence on team efficacy measured on day
4 at the p<.05 level (b = .230000, p = .914). There was a non-significant effect of outcome
interdependence on team efficacy measured on day 5 at the p<.05 level (b = .241772, p = .905)
H2d. It was hypothesized that groups in the high outcome interdependence condition
would perceive higher levels of information sharing than groups in the low outcome
interdependence condition on days 2, 4, & 5. The results showed that outcome interdependence
had a non-significant effect on group information sharing. More specifically, multilevel
regression models were run by plugging in outcome interdependence as the level 2 predictor and
group information sharing as the level 1 dependent variable for each time period. There was a
non-significant effect of outcome interdependence on group information sharing measured on
day 2 at the p<.05 level (b = .600000, p = .649). There was a non-significant effect of outcome
interdependence on group information sharing measured on day 4 at the p<.05 level (b =
.133333, p = .926). There was a non-significant effect of outcome interdependence on group
information sharing measured on day 5 at the p<.05 level (b = .365000, p = .797).
H2e. It was hypothesized that groups in the high outcome interdependence condition
would exhibit higher frequencies of synchronous CMC than groups in the low outcome
interdependence condition on days 1, 3, & 5. The results showed that outcome interdependence
had a positive effect on the frequency of synchronous group CMC on days 1, 3, and 5. More
specifically, one-way between-subjects ANOVAs were conducted to compare the effect of high
and low outcome interdependence on the frequency of synchronous CMC exhibited by groups on
days 1, 3, and 5. There was a significant effect of outcome interdependence on the frequency of
group CMC on day 1 at the p<.05 level [F(1, 30) = 6.337, p = .017]. There was a significant
effect of outcome interdependence on the frequency of group CMC on day 3 at the p<.05 level
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[F(1, 30) = 17.452, p = .000]. There was a significant effect of outcome interdependence on the
frequency of group CMC on day 5 at the p<.05 level [F(1, 30) = 10.287, p = .003].
H2f. It was hypothesized that groups in the high outcome interdependence condition
would exhibit higher dispersions of synchronous CMC than groups in the low outcome
interdependence condition on days 1, 3, & 5.The results showed that outcome interdependence
had a positive significant effect on the dispersion of synchronous group CMC on days 1 and 3.
More specifically, a one-way between-subjects ANOVA was conducted to compare the effect of
high and low outcome interdependence on the dispersion of synchronous group CMC on days 1,
3, and 5. There was a significant positive effect of outcome interdependence on the dispersion of
synchronous group CMC exhibited on day 1 at the p<.05 level [F(1, 30) = 4.760, p = .037].There
was a significant effect of outcome interdependence on the dispersion of synchronous group
CMC exhibited on day 3 at the p<.05 level [F(1, 30) = 6.615, p = .015]. There was not a
significant effect of outcome interdependence on the dispersion of synchronous group CMC
exhibited on day 5 at the p<.05 level [F(1, 30) = 2.037, p = .165].
H2g. It was hypothesized that groups in the high outcome interdependence condition
would exhibit higher frequencies of asynchronous CMC than groups in the low outcome
interdependence condition on days 2 & 4. The hypothesis could not be tested because
asynchronous communication was not observed in any of the groups across the simulation.
H2h. It was hypothesized that groups in the high outcome interdependence condition
would exhibit higher dispersions of asynchronous CMC than groups in the low outcome
interdependence condition on days 2 & 4. The hypothesis could not be tested because
asynchronous communication was not observed in any of the groups across the simulation.
Comparing Main Effects of Task Interdependence & Outcome Interdependence (H3 & H4).
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The third set of hypotheses predicted that task interdependence would have a greater
positive effect on task-oriented attitudes and group CMC and the fourth set of hypotheses
predicted that outcome interdependence would have a greater positive effect on relationshiporiented group attitudes and group CMC. Overall, the results did not support the hypotheses that
task interdependency would have a more significant positive effect on task-oriented group
attitudes and task-oriented synchronous group CMC than outcome interdependence, with the
exception of task-oriented synchronous group CMC dispersion on day 5 (i.e., H3b).
Interestingly, in these cases outcome interdependence often had significant positive effects on
task-oriented synchronous group CMC while task-interdependence did not. The results did
support the hypotheses that outcome interdependence would have a greater positive effect on the
frequency and dispersion of relationship-oriented group CMC than task interdependence (i.e.,
H4a & H4b).
H3a. It was hypothesized that task interdependence would have a larger positive effect on
the frequency of synchronous task-oriented CMC on days 1, 3 & 5 than outcome
interdependence. The results showed that task interdependence did not have a greater positive
effect on the frequency of synchronous task-oriented group CMC than outcome interdependence.
In fact, task interdependence did not have a significant effect on task-oriented synchronous group
CMC and outcome interdependence did have a significant positive effect on task oriented
synchronous group CMC for all three time periods. More specifically, a comparison of one-way
between-subjects ANOVAs was made at each of the three time periods. Task interdependence
had a non-significant effect on the frequency of task-oriented synchronous group CMC exhibited
by groups on day 1 at the p<.05 level [F(1, 30) = .847, p = .370] and outcome interdependence
had a significant positive effect on the frequency of task-oriented synchronous group CMC
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exhibited by groups on day 1 at the p<.05 level [F(1, 30) = 4.789, p = .037]. Task
interdependence had a non-significant effect on the frequency of task-oriented synchronous
CMC exhibited by groups on day 3 at the p<.05 level [F(1, 30) = 2.024, p = .165] and outcome
interdependence had a significant effect on the frequency of task-oriented synchronous group
CMC exhibited by groups on day 3 at the p<.05 level [F(1, 30) = 13.712, p = .001]. Task
interdependence had a significant effect on the frequency of synchronous task-oriented CMC
exhibited by groups on day 5 at the p<.05 level [F(1, 27) = 7.567, p = .010] and outcome
interdependence also had a significant effect on the frequency of synchronous task-oriented
CMC exhibited by groups on day 5 at the p<.05 level [(1, 30) = 7.306, p = .015].
H3b. It was hypothesized that task interdependence would have a larger positive effect on
the dispersion of synchronous task-oriented CMC on days 1, 3 & 5 than outcome
interdependence. The results showed that task interdependence did not have a greater positive
effect on the dispersion of synchronous task-oriented group CMC than outcome interdependence
on days 1 and 3 but did on day 5. More specifically, a comparison of one-way between-subjects
ANOVAs was made at each of the three time periods. Task interdependence had a nonsignificant effect on the dispersion of task-oriented synchronous CMC exhibited on day 1 at the
p<.05 level [F(1, 30) = .490, p = .489] and outcome interdependence had a significant effect on
the dispersion of task-oriented synchronous CMC exhibited on day 1 at the p<.05 level [F(1, 30)
= 4.475, p = .038]. Task interdependence had a non-significant effect on the dispersion of taskoriented synchronous CMC exhibited on day 3 at the p<.05 level [F(1, 30) = .133, p = .717] and
outcome interdependence had a significant positive effect on the dispersion of task-oriented
synchronous CMC exhibited on day 3 at the p<.05 level [F(1, 30) = 6.271, p = .018]. Task
interdependence had a significant positive effect on the dispersion of task-oriented synchronous
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CMC exhibited on day 5 at the p<.05 level [F(1, 27) = 4.196, p = .050] and outcome
interdependence did not have a significant effect on the dispersion of task-oriented synchronous
CMC exhibited on day 5 at the p<.05 level [(1, 27) = 1.826, p = .188].
H3c. It was hypothesized that task interdependence would have a larger positive effect on
the frequency of asynchronous task-oriented CMC on days 2 & 4 than outcome interdependence.
The hypothesis could not be tested because asynchronous communication was not
observed in any of the groups across the simulation
H3d. It was hypothesized that task interdependence would have a larger positive effect on
the dispersion of asynchronous task-oriented CMC on days 2 & 4 than outcome interdependence.
The hypothesis could not be tested because asynchronous communication was not
observed in any of the groups across the simulation
H3e. It was hypothesized that task interdependence would have a larger positive effect on
collective efficacy on days 2, 4 & 5 than outcome interdependence. This hypothesis could not be
tested because neither outcome interdependence nor task interdependence had a positive
significant effect on team efficacy measured on day 2, day 4, or day 5 (see H1c & H2c)
H4a. It was hypothesized that outcome interdependence will have a larger positive effect
on the frequency of synchronous relationship-oriented CMC on days 1, 3, & 5 than task
interdependence. The results showed that outcome interdependence had a greater significant
positive effect on the frequency of relationship-oriented synchronous group CMC than task
interdependence. More specifically, a comparison of one-way between-subjects ANOVAs was
made at each of the three time periods. Outcome interdependence had a significant positive
effect on the frequency of relationship-oriented synchronous group CMC exhibited on day 1 at
the p<.05 level [F(1, 30) = 9.477, p = .004] and task interdependence had a non-significant effect
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on the frequency of relationship-oriented synchronous group CMC exhibited on day 1 at the
p<.05 level [F(1, 30) = .291, p = .594]. Outcome interdependence had a significant positive
effect on the frequency of relationship-oriented synchronous group CMC exhibited on day 3 at
the p<.05 level [F(1, 30) = 9.910, p = .004] and task interdependence had a non-significant effect
on frequency of relationship-oriented synchronous group CMC exhibited on day 3 at the p<.05
level [F(1, 30) = 2.955, p = .096. Outcome interdependence had a significant positive effect on
the frequency of relationship-oriented synchronous group CMC exhibited on day 5 at the p<.05
level [F(1, 27) = 12.056, p = .002 and task interdependence had a non-significant effect on the
frequency of relationship-oriented synchronous CMC exhibited on day 5 at the p<.05 level [F(1,
27) = .056, p = .814].
H4b. It was hypothesized that outcome interdependence would have a larger positive
effect on the dispersion of synchronous relationship-oriented CMC on days 1, 3, & 5 than task
interdependence. The results showed that outcome interdependence had a greater significant
positive effect on the dispersion of relationship-oriented synchronous group CMC than task
interdependence on days 1 and 5. More specifically, a comparison of one-way between-subjects
ANOVAs was made at each of the three time periods. Outcome interdependence had a nonsignificant effect on the dispersion of relationship-oriented synchronous group CMC exhibited
on day 1 at the p<.05 level [F(1, 30) = 4.475, p = .043] and task interdependence had a nonsignificant effect on the dispersion of relationship-oriented synchronous group CMC exhibited
on day 1 at the p<.05 level [F(1, 30) = .124, p = .727]. Outcome interdependence had a nonsignificant effect on the dispersion of relationship-oriented synchronous group CMC exhibited
on day 3 at the p<.05 level [F(1, 30) = 3.276 p = .080] and task interdependence had a nonsignificant effect on the dispersion of relationship-oriented synchronous group CMC exhibited
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on day 3 at the p<.05 level [F(1, 30) = 2.955, p = .061]. Outcome interdependence had a
significant effect on the dispersion of relationship-oriented group CMC exhibited on day 5 at the
p<.05 level [F(1, 27) = 7.779, p = .010 and task interdependence also had a non-significant effect
on the dispersion of relationship-oriented synchronous group CMC exhibited on day 5 at the
p<.05 level [F(1, 27) = .006, p = .941].
H4c. It was hypothesized that outcome interdependence would have a larger positive
effect on the frequency of asynchronous relationship-oriented CMC on days 2 & 4 than task
interdependence. The hypothesis could not be tested because asynchronous communication was
not observed in any of the groups across the simulation.
H4d. It was hypothesized that outcome interdependence would have a larger positive
effect on the dispersion of asynchronous relationship-oriented CMC on days 2 & 4 than task
interdependence. The hypothesis could not be tested because asynchronous communication was
not observed in any of the groups across the simulation
H4e. It was hypothesized that outcome interdependence would have a larger positive
effect on team cohesion on days 2, 4, & 5 than task interdependence This hypothesis could not
be tested because neither outcome interdependence nor task interdependence had a positive
significant effect on team cohesion measured on day 2, day 4, or day 5 (see H1b & H2b)
Effects of Outcome Interdependence on Variability in Group Perceptions (H5).
The fifth set of hypotheses predicted that outcome interdependence would have a
negative effect on the SDs of group attitudes. Overall, the results showed that outcome
interdependence did not have a significant effect on the SDs associated with team trust, team
cohesion, team efficacy, or group information sharing on days 2, 4 and 5 of the simulation.
H5a. It was hypothesized that groups in the high outcome interdependence conditions
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would have less within-group variability in perceptions of team trust than groups in the low
outcome interdependence conditions on days 2, 4, & 5. The results showed that outcome
interdependence had a non-significant effect on the SD of team trust. More specifically, a oneway between-subjects ANOVA was conducted to compare the effect of high and low outcome
interdependence on the SD of team trust on days 2, 4 and 5. There was a non-significant effect of
outcome interdependence on the SD of team trust on day 2 at the p<.05 level [F(1, 32) = 2.602, p
= .117]. There was a non-significant effect of outcome interdependence on the SD of team trust
on day 4 at the p<.05 level [F(1, 30) = .398, p = .533]. There was a non-significant effect of
outcome interdependence on the SD of team trust on day 5 at the p<.05 level [F(1, 27) = .000, p
= .997].
H5b. It was hypothesized that groups in the high outcome interdependence conditions
(i.e., shared feedback) would have less within-group variability in perceptions of team cohesion
than groups in the low outcome interdependence conditions on days 2, 4, & 5. The results
showed that outcome interdependence did not have a significant effect on the SD of team
cohesion. More specifically, one-way between-subjects ANOVAs were conducted to compare
the effect of high and low outcome interdependence on the SD of team cohesion on days 2, 4 and
5. There was a non-significant effect of outcome interdependence on the SD of team cohesion on
day 2 at the p<.05 level [F(1, 32) = .435, p = .514]. There was a non-significant effect of
outcome interdependence on the SD of ream cohesion on day 4 at the p<.05 level [F(1, 30) =
.785, p = .383]. There was a non-significant effect of outcome interdependence on the SD of
team cohesion on day 5 at the p<.05 level [F(1, 27) = .439, p = .513].
H5c. It was hypothesized that groups in the high outcome interdependence conditions
would have less within-group variability in perceptions of team efficacy than groups in the low
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outcome interdependence conditions on days 2, 4, & 5. The results showed that outcome
interdependence had a non-significant effect on the SD of team efficacy. More specifically, a
one-way between-subjects ANOVA was conducted to compare the effect of high and low
outcome interdependence on the SD of team efficacy on days 2, 4 and 5. There was a nonsignificant effect of outcome interdependence on the SD of team efficacy on day 2 at the p<.05
level [F(1, 32) = 1.663, p = .206]. There was a non-significant effect of outcome interdependence
on the SD of team efficacy on day 4 at the p<.05 level [F(1, 30) = 1.225, p = .277]. There was a
non-significant effect of outcome interdependence on the SD of team efficacy on day 5 at the
p<.05 level [F(1, 27) = .016, p = .899].
H5d. It was hypothesized that groups in the high outcome interdependence conditions
would have less within-group variability in perceptions of information sharing than groups in the
low outcome interdependence conditions on days 2, 4, & 5. The results showed that outcome
interdependence had a non-significant effect on the SD of group information sharing. More
specifically, one-way between-subjects ANOVAs were conducted to compare the effect of high
and low outcome interdependence on the SD of group information sharing on days 2, 4 and 5.
There was a non-significant effect of outcome interdependence on the SD of group information
sharing on day 2 at the p<.05 level [F(1, 32) = 1.663, p = .206]. There was a non-significant
effect of outcome interdependence on the SD of group information sharing on day 2 at the p<.05
level [F(1, 30) = 1.225, p = .277]. There was a non-significant effect of outcome interdependence
on the SD of group information sharing on day 5 at the p<.05 level [F(1, 27) = .016, p = .899].
Effects of Outcome Interdependence on Variability in Group Perceptions Over Time (H6).
The sixth set of hypotheses predicted that the negative effect of outcome interdependence
on the SD of group attitudes would become greater over time. Overall, the results did not support
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the hypotheses that variability in group perceptions would decrease for groups in the high
outcome interdependence condition but not in the low outcome interdependence condition.
However, several significant quadratic effects were detected over time (i.e., for team cohesion,
team efficacy and group information sharing) indicating that overall the SD of group perceptions
initially decreased from time 1 to time 2 but then increased again from time 2 to time 3.
H6a. It was hypothesized that there would be an interaction between outcome
interdependence and time such that the variability in perceptions of team trust would decrease
over time for groups in the high outcome interdependence conditions, but not for groups in the
low outcome interdependence conditions. The results showed that outcome interdependence and
time did not have a significant linear interaction effect on the SD of team trust. More
specifically, a general linear model with within and between group effects was run to compare
changes in SD of team trust over time in both high and low outcome interdependence conditions.
There was a non-significant linear interaction effect between outcome interdependence and time
on the SD of team trust at the p<.05 level [F(1, 1) = 1.060, p = .313].
The ICC (1) analysis discussed earlier revealed that emergence occurred from time 1 to
time 2 so this hypothesis was also tested running only the first two data points to determine if the
linear effects could be identified during that period. There was a significant linear interaction
effect between outcome interdependence and time on the SD of team trust at the p<.05 level
[F[1, 1) = 4.791, p = .037]. However, the effect observed was not what was hypothesized – The
SD remained relatively stable from .52 at time 1 to .56 at time 2 for groups operating under high
outcome interdependence and the SD dropped significantly from .81 at time 1 to .64 at time 2 for
groups operating under low outcome interdependence.
H6b. It was hypothesized that there would be an interaction between outcome
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interdependence and time such that the variability in perceptions of team cohesion would
decrease over time for groups in the high outcome interdependence conditions, but not for
groups in the low outcome interdependence conditions. The results showed that outcome
interdependence and time did not have a significant linear interaction effect on the SD of team
cohesion. More specifically, a general linear model with within and between group effects was
run to compare changes in SD of team cohesion over time in both high and low outcome
interdependence conditions. There was a non-significant linear interaction effect between
outcome interdependence and time on the SD of team cohesion at the p<.05 level [F(1, 1) = .035
p = .853]. However, there was a significant quadratic interaction effect between outcome
interdependence and time on the SD of team cohesion at the p<.05 level [F(1, 1) = 5.799 p =
.023]. More specifically, the SD decreased from 1.06 at time 1 to .86 at time 2 before increasing
to 1.17 at time 3 for groups operating under high outcome interdependence. On the other hand,
the SD decreased more substantially from 1.44 at time 1 to 1.09 at time 2 before increasing again
to 1.20 at time 3.
The ICC (1) analysis discussed earlier revealed that emergence occurred from time 1 to
time 2 so this hypothesis was also tested running only the first two data points to determine if the
linear effects could be identified during that time. There was a non-significant linear interaction
effect between outcome interdependence and time on the SD of team cohesion at the p<.05 level
[F[1, 1) = 3.656, p = .066].
H6c. It was hypothesized that there would be an interaction between outcome
interdependence and time such that the variability in perceptions of team efficacy would
decrease over time for groups in the high outcome interdependence conditions, but not for
groups in the low feedback interdependence conditions The results showed that outcome
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interdependence and time did not have a significant linear interaction effect on the SD of team
efficacy. More specifically, a general linear model with within and between group effects was
run to compare changes in SD of team efficacy over time in both high and low outcome
interdependence conditions. There was a non-significant linear interaction effect between
outcome interdependence and time on the SD of team efficacy at the p<.05 level [F(1, 1) = .687
p = .415]. However, there was a significant quadratic interaction effect between outcome
interdependence and time on the SD of team cohesion at the p<.05 level [F(1, 1) = 5.611 p =
.026]. More specifically, the SD increased from .61 at time 1 to .68 at time 2 to 1.25 at time 3 for
groups operating under high outcome interdependence. On the other hand, the SD decreased
from 1.20 at time 1 to 1.04 at time 2 to .85 at time 3 for groups operating under low
interdependence.
The ICC (1) analysis revealed that emergence likely occurred from time 1 to time 2 so
this hypothesis was also tested running only the first two data points to determine if the linear
effects could be identified during the time emergence was thought to have occurred. There was a
significant linear interaction effect between outcome interdependence and time on the SD of
team cohesion at the p<.05 level [F(1, 1) = 9.369, p = .005]. However, the effect observed was
not what was hypothesized – The SD increased from .61 at time 1 to .68 at time 2 for groups
operating under high outcome interdependence and decreased from 1.20 to 1.04 for groups
operating under low interdependence.
H6d. It was hypothesized that there would be an interaction between outcome
interdependence and time such that the variability in perceptions of information sharing would
decrease over time for groups in the high outcome interdependence conditions, but not for
groups in the low outcome interdependence conditions. The results showed that outcome
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interdependence and time did not have a significant linear interaction effect on the SD of group
information sharing. More specifically, a general linear model with within and between group
effects was run to compare changes in SD of group information sharing over time in both high
and low outcome interdependence conditions. There was a non-significant linear interaction
effect between outcome interdependence and time on the SD of group information sharing at the
p<.05 level [F(1, 1) = .104, p = .750]. However, there was a significant quadratic interaction
effect between outcome interdependence and time on the SD of group information sharing at the
p<.05 level [F(1, 1) = 4.542, p = .043]. More specifically, the SD decreased from .54 at time 1 to
.52 at time 2 before increasing to .71 at time 3 for groups operating under high outcome
interdependence. On the other hand, the SD decreased from .90 at time 1 to .76 at time 2 to .62 at
time 3 for groups operating under low interdependence.
The ICC (1) analysis discussed earlier revealed that emergence likely occurred from time
1 to time 2 so this hypothesis was also tested running only the first two data points to determine
if the linear effects could be identified during that time. There was a non-significant linear
interaction effect between outcome interdependence and time on the SD of group information
sharing at the p<.05 level [F[1, 1) = 3.409, p = .075].
Interaction Effects Between Outcome & Task Interdependence on Variability in Group
Perceptions (H7)
The seventh set of hypotheses predicted that the outcome interdependence manipulation
would have a greater negative effect on the SD of group perceptions for groups operating under
high task interdependence than for groups operating under low interdependence. Overall, the
results showed that task interdependence and outcome interdependence did not have significant
interaction effects on group attitudes.
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H7a. It was hypothesized that groups in the low outcome interdependence conditions
would have less within-group variability in perceptions of team trust when operating under high
task interdependence than when operating under low task interdependence on days 2, 4, & 5. The
results showed that outcome interdependence and task interdependence did not have a significant
interaction effect on the SD of team trust. More specifically, a series of regression analyses were
run by plugging in both task and outcome interdependence as predictor variables and team trust
as the dependent variable for each measurement point. There was a non-significant interaction
effect between outcome interdependence and task interdependence on the SD of team trust
measured on day 2 at the p<.05 level [F(2, 30) = 1.965, p = .157]. There was a non-significant
interaction effect between outcome interdependence and task interdependence on the SD of team
trust measured on day 4 at the p<.05 level [F(2, 26) = .150, p = .862]. There was a nonsignificant interaction effect between outcome interdependence and task interdependence on the
SD of team trust measured on day 5 at the p<.05 level [F(1, 1) = 1.010, p = .378].
H7b. It was hypothesized that groups in the low outcome interdependence conditions
would have less within-group variability in perceptions of team cohesion when operating under
high task interdependence than when operating under low task interdependence on days 2, 4, & 5
The results showed that outcome interdependence and task interdependence did not have a
significant interaction effect on the SD of team cohesion. More specifically, a series of
regression analyses were run by plugging in both task and outcome interdependence as predictor
variables and the SD of team cohesion as the dependent variable for each measurement point.
There was a non-significant interaction effect between outcome interdependence and task
interdependence on the SD of team cohesion measured on day 2 at the p<.05 level [F(2, 31) =
1.289, p = .290]. There was a non-significant interaction effect between outcome
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interdependence and task interdependence on the SD of team cohesion measured on day 4 at the
p<.05 level [F(2, 30) = .352, p = .706]. There was a non-significant interaction effect between
outcome interdependence and task interdependence on the SD of team cohesion measured on day
5 at the p<.05 level [F(2, 26) = .696, p = .508].
H7c. It was hypothesized that groups in the low outcome interdependence conditions
would have less within-group variability in perceptions of team efficacy when operating under
high task interdependence than when operating under low task interdependence on days 2, 4, &
5. The results showed that outcome interdependence and task interdependence did not have a
significant interaction effect on the SD of team efficacy. More specifically, a series of regression
analyses were run by plugging in both task and outcome interdependence as predictor variables
and the SD of team efficacy as the dependent variable for each measurement point. There was a
non-significant interaction effect between outcome interdependence and task interdependence on
the SD of team efficacy measured on day 2 at the p<.05 level [F(2, 31) = 2.656, p = .086]. There
was a non-significant interaction effect between outcome interdependence and task
interdependence on the SD of team efficacy measured on day 4 at the p<.05 level [F(2, 30) =
1.449, p = .251]. There was a non-significant interaction effect between outcome
interdependence and task interdependence on the SD of team efficacy measured on day 5 at the
p<.05 level [F(2, 26) = 2.054, p = .149].
H7d. It was hypothesized that groups in the low outcome interdependence conditions
would have less within-group variability in perceptions of group information sharing when
operating under high task interdependence than when operating under low task interdependence
on days 2, 4, & 5. The results showed that outcome interdependence and task interdependence
did not have significant interaction effect on the SD of group information sharing. More
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specifically, a series of regression analyses were run by plugging in both task and outcome
interdependence as predictor variables and group information sharing as the dependent variable
for each measurement point. There was a non-significant interaction effect between outcome
interdependence and task interdependence on the SD of group information sharing measured on
day 2 at the p<.05 level [F(2, 31) = 1.843, p = .175]. There was a non-significant interaction
effect between outcome interdependence and task interdependence on the SD of group
information sharing measured on day 4 at the p<.05 level [F(2, 30) = .866, p = .431]. There was a
non-significant interaction effect between outcome interdependence and task interdependence on
the SD of group information sharing measured on day 5 at the p<.05 level [F(2, 26) = .861, p =
.434].
Three-way Interaction Effects Between Outcome Interdependence, Task Interdependence, &
Time (H8).
The eighth set of hypotheses predicted that the outcome interdependence would have a
greater negative effect on the SD of group perceptions for groups operating under high task
interdependence than for groups operating under low interdependence and that this negative
effect would become greater over time. Overall, the results showed that the change in the SD of
group attitudes over time did not vary as a function of the interaction between task
interdependence and outcome interdependence
H8a. It was hypothesized that there would be a three-way interaction between task
interdependence, outcome interdependence, and time such that for groups in the low outcome
interdependence conditions, the variability in perceptions of team trust would decrease over time
for groups operating under high task interdependence but not for groups operating under low task
interdependence. The results showed that task interdependence, outcome interdependence, and
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time did not have a significant interaction effect on the SD of team trust. More specifically, a
general linear model of within and between group effects was run to compare changes in the SD
of team trust over time with both task interdependence and outcome interdependence as between
group factors. There was a non-significant linear interaction effect between outcome
interdependence, task interdependence and time on the SD of team trust at the p<.05 level [F(1,
1) = .033, p = .857].
H8b. It was hypothesized that there would be a three-way interaction between task
interdependence, outcome interdependence, and time such that for groups in the low outcome
interdependence conditions, the variability in perceptions of team cohesion would decrease over
time for groups operating under high resource interdependence but not for groups operating
under low resource interdependence. The results showed that task interdependence, outcome
interdependence, and time did not have a significant interaction effect on the SD of team
cohesion. More specifically, a general linear model of within and between group effects was run
to compare changes in the SD of team cohesion over time with task outcome interdependence
and outcome interdependence as between group factors. There was a non-significant linear
interaction effect between outcome interdependence, task interdependence and time on the SD of
team cohesion at the p<.05 level [F(1, 1) = .022, p = .883].
H8c. It was hypothesized that there would be a three-way interaction between task
interdependence, outcome interdependence, and time such that for teams in the low outcome
interdependence conditions, the variability in perceptions of team efficacy would decrease over
time for groups operating under high task interdependence but not for groups operating under
low task interdependence. The results showed that task interdependence, outcome
interdependence, and time did not have a significant interaction effect on the SD of team
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efficacy. More specifically, a general linear model of within and between group effects was run
to compare changes in the SD of team efficacy over time with both task interdependence and
outcome interdependence as between group factors. There was a non-significant linear
interaction effect between outcome interdependence, task interdependence and time on the SD of
team efficacy at the p<.05 level [F(1, 1) = 4.131, p = .053].
H8d. It was hypothesized that there would be a three-way interaction between task
interdependence, outcome interdependence, and time such that for teams in the low outcome
interdependence conditions, the variability in perceptions of group information sharing would
decrease over time for teams operating under high task interdependence but not for teams
operating under low task interdependence. The results showed that task interdependence,
outcome interdependence, and time did not have a significant interaction effect on the SD of
group information sharing. More specifically, a general linear model of within and between
group effects was run to compare changes in the SD of group information sharing over time with
outcome interdependence and task interdependence as between group factors. There was a nonsignificant linear interaction effect between outcome interdependence, task interdependence and
time on the SD of group information sharing at the p<.05 level [F(1, 1) = .981, p = .332].
Main Effects of Task-Oriented Group CMC (H9 & H10).
The ninth and tenth sets of hypotheses predicted that task-oriented group CMC would
predict immediately subsequent task-oriented group attitudes. Overall, the hypotheses that the
frequency of synchronous task-oriented CMC would have a positive effect on immediately
subsequent team efficacy (i.e., H9a) and cognition-based team trust (i.e., H10a) were supported
from day 1 to 2, and from 3 to 4. However, the results did not support the hypotheses that the
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dispersion of synchronous task-oriented group CMC interdependence would have a positive
effect on team efficacy (i.e., H9b) and cognition-based team trust (i.e., H10b)
H9a. It was hypothesized that the frequency of synchronous task-oriented CMC (i.e., on
days 1, 3, & 5) would have a positive effect on directly subsequent perceptions of team efficacy
(i.e., on days 2, 4, & 5). The results showed that synchronous task-oriented CMC had a positive
effect on immediately subsequent team efficacy from day 1 to day 2, and from day 3 to day 4.
More specifically, simple linear regressions were calculated for each pair of successive
measurement points across the five-day simulation. Frequency of synchronous task-oriented
group CMC exhibited on day 1 had a positive significant effect on team efficacy measured on
day 2 at the p<.05 level [F(1, 30) = 6.667, p = .015] with an R2 of .182. Frequency of
synchronous task-oriented group CMC exhibited on day 3 had a positive effect on team efficacy
measured on day 4 at the p<.05 level [F(1, 30) = 4.443, p = .044] with an R2 of .129. Frequency
of synchronous task-oriented group CMC exhibited on day 5 had a non-significant effect on team
efficacy measured on day 5 at the p<.05 level [F(1, 30) = .134, p = .717] with an R2 of .005.
H9b. It was hypothesized that the dispersion of synchronous task-oriented CMC (i.e., on
days 1, 3, & 5) would have a positive effect on directly subsequent perceptions of team efficacy
(i.e., on days 2, 4, & 5). The results showed that the dispersion of synchronous task-oriented
CMC had a non-significant effect on immediately team efficacy. More specifically, simple linear
regressions were calculated for each pair of successive measurement points across the five-day
simulation. Dispersion of task-oriented synchronous group CMC exhibited on day 1 had a nonsignificant effect on team efficacy measured on day 2 at the p<.05 level [F(1, 30) = 2.715, p =
.110] with an R2 of .083. Dispersion of task-oriented synchronous group CMC exhibited on day
3 had a non-significant effect on team efficacy measured on day 4 at the p<.05 level [F(1, 30) =
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2.657, p = .114] with an R2 of .081. Dispersion of task-oriented synchronous group CMC
exhibited on day 5 had a non-significant effect on team efficacy measured on day 5 at the p<.05
level [F(1, 27) = .173, p = .681] with an R2 of .006.
H9c. It was hypothesized that the frequency of asynchronous task-oriented CMC (i.e., on
days 2 & 4) would have a positive effect on directly subsequent perceptions of team efficacy
(i.e., on days 3 & 5). The hypothesis could not be tested because asynchronous communication
was not observed in any of the groups across the simulation.
H9d. It was hypothesized that the dispersion of asynchronous task-oriented CMC (i.e., on
days 2 & 4) would have a positive effect on directly subsequent perceptions of team efficacy
(i.e., on days 3 & 5). The hypothesis could not be tested because asynchronous communication
was not observed in any of the groups across the simulation.
H10a. It was hypothesized that the frequency of synchronous task-oriented CMC (i.e., on
days 1, 3, & 5) would have a positive effect on directly subsequent perceptions of cognitionbased team trust (i.e., on days 2, 4, & 5). The results showed that the frequency of task-oriented
synchronous CMC had a significant effect on immediately subsequent group cognition-based
team trust from day 1 to day 2 and from day 3 to day 4. More specifically, simple linear
regressions were calculated for each pair of successive measurement points across the five-day
simulation. Frequency of task-oriented synchronous group CMC exhibited on day 1 had a
significant positive effect on cognition-based team trust measured on day 2 at the p<.05 level
[F(1, 29) = 7.443, p = .011] with an R2 of .204. Frequency of synchronous task-oriented group
CMC exhibited on day 3 had a significant positive effect on cognition-based team trust measured
on day 4 at the p<.05 level [F(1, 30) = 12.228, p = .001] with an R2 of .290. Frequency of
synchronous task-oriented group CMC exhibited on day 5 had a non-significant positive effect
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on cognition-based team trust measured on day 5 at the p<.05 level [F(1, 30) = 1.119, p = .300]
with an R2 of .040.
H10b. It was hypothesized that the dispersion of synchronous task-oriented CMC (i.e., on
days 1, 3 & 5) would have a positive effect on directly subsequent perceptions of cognitionbased team trust (i.e., on days 2, 4, & 5). The results showed that the dispersion of synchronous
task-oriented group CMC did not have a significant positive effect on immediately subsequent
cognition-based team trust. More specifically, simple linear regressions were calculated for each
pair of successive measurement points across the five-day simulation. Dispersion of synchronous
task-oriented group CMC exhibited on day 1 had a non-significant positive effect on cognitionbased team trust measured on day 2 at the p<.05 level [F(1, 30) = 4.118, p = .052] with an R2 of
.124. Dispersion of synchronous task-oriented group CMC exhibited on day 3 had a nonsignificant effect on cognition-based team trust measured on day 4 at the p<.05 level [F(1, 30) =
2.533, p = .122] with an R2 of .078. Dispersion of synchronous task-oriented group CMC
exhibited on day 5 had a non-significant effect on group cognition-based team trust measured on
day 5 at the p<.05 level [F(1, 30) = .0, p = .991] with an R2 of .000.
H10c. It was hypothesized that the frequency of asynchronous task-oriented CMC (i.e.,
on days 2 & 4) would have a positive effect on directly subsequent perceptions of cognitionbased team trust (i.e., on days 3 & 5). The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation
H10d. It was hypothesized that the dispersion of asynchronous task-oriented CMC (i.e.,
on days 2 & 4) would have a positive effect on directly subsequent perceptions of cognitionbased team trust (i.e., on days 3 & 5). The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation.
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Interaction Effect Between Task-Oriented Group CMC & Task Interdependence (H11).
The eleventh set of hypotheses predicted that task-oriented CMC would have a greater
positive effect on task-oriented group attitudes for groups operating under high task
interdependence than low task interdependence. Overall, the hypotheses that synchronous taskoriented group CMC would have a greater positive effect on task-oriented group attitudes for
groups operating under high task interdependence was not supported.
H11a. It was hypothesized that the frequency of synchronous task-oriented CMC (i.e., on
days 1, 3, & 5) would have a greater positive effect on directly subsequent perceptions of team
efficacy (i.e. 2, 4, & 5) for groups in the high task interdependence conditions than for groups in
the low task interdependence conditions. The results showed that there was a non-significant
interaction between task interdependence and the frequency of synchronous task-oriented group
CMC exhibited on immediately subsequent team efficacy. More specifically, three interaction
terms were created to represent the interaction between task interdependence and the frequency
of synchronous task-oriented group CMC for each time period. Next, a series of regression
analysis were run to examine the effect of each interaction term on immediately subsequent team
efficacy. There was a non-significant interaction effect between task interdependence and the
frequency of synchronous task-oriented group CMC exhibited on day 1 on team efficacy
measured on day 2 at the p<.05 level [F(1, 32) = .541, p = .467]. There was a non-significant
interaction effect between task interdependence and the frequency of synchronous task-oriented
group CMC exhibited on day 3 on team efficacy measured on day 4 at the p<.05 level [F(1, 32) =
2.019, p = .165]. There was a non-significant interaction effect between task interdependence
and the frequency of synchronous task-oriented group CMC exhibited on day 5 on team efficacy
measured on day 5 at the p<.05 level [F(1, 27) = .763 p = .390].
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H11b. It was hypothesized that the dispersion of synchronous task-oriented CMC (i.e., on
days 1, 3, & 5) would have a greater positive effect on directly subsequent perceptions of team
efficacy (i.e. on days 2, 4, & 5) for groups in the high task interdependence conditions than for
groups in the low task interdependence conditions. The results showed that there was a nonsignificant interaction between task interdependence and the dispersion of synchronous taskoriented group CMC exhibited on immediately subsequent team efficacy. More specifically,
three interaction terms were created to represent the interaction between task interdependence
and the dispersion of task-oriented group CMC exhibited for each time period. Next, a series of
regression analysis were run to examine the effect of each interaction term on immediately
subsequent team efficacy. There was a non-significant interaction effect between task
interdependence and the dispersion of synchronous task-oriented group CMC exhibited on day 1
on team efficacy measured on day 2 at the p<.05 level [F(1, 32) = .118, p = .733]. There was a
non-significant interaction effect between task interdependence and the dispersion of
synchronous task-oriented group CMC exhibited on day 3 on team efficacy measured on day 4 at
the p<.05 level [F(1, 32) = .050, p = .825]. There was a non-significant interaction effect
between task interdependence and the dispersion of synchronous task-oriented group CMC
exhibited on day 5 on team efficacy measured on day 5 at the p<.05 level [F(1, 27) = .561 p =
.460].
H11c. It was hypothesized that the frequency of asynchronous task-oriented CMC (i.e.,
on days 2 & 4) would have a greater positive effect on directly subsequent perceptions of team
efficacy (i.e. on days 4 & 5) for groups in the high task interdependence conditions than for
groups in the low task interdependence conditions. The hypothesis could not be tested because
asynchronous communication was not observed in any of the groups across the simulation.
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H11d. It was hypothesized that the dispersion of asynchronous task-oriented CMC (i.e.,
on days 2 & 4) would have a greater positive effect on directly subsequent perceptions of team
efficacy (i.e. on days 4 & 5) for groups in the high task interdependence conditions than for
groups in the low task interdependence conditions. The hypothesis could not be tested because
asynchronous communication was not observed in any of the groups across the simulation.
H11e. It was hypothesized that the frequency of synchronous task-oriented CMC (i.e., on
days 1, 3 & 5) would have a greater positive effect on directly subsequent perceptions of
cognition-based team trust (i.e. on days 2, 4, & 5) for groups in the high task interdependence
conditions than for groups in the low task interdependence conditions. The results showed that
there was a non-significant interaction between task interdependence and the frequency of
synchronous task-oriented group CMC on immediately subsequent cognition-based team trust.
More specifically, three interaction terms were created to represent the interaction between task
interdependence and the frequency of synchronous task-oriented group CMC exhibited for each
time period. Next, a series of regression analysis were run to examine the effect of each
interaction term on immediately subsequent cognition-based team trust. There was a nonsignificant interaction effect between task interdependence and the frequency of synchronous
task-oriented group CMC exhibited on day 1 on cognition-based team trust measured on day 2 at
the p<.05 level [F(1, 31) = .849, p = .364]. There was a non-significant interaction effect
between task interdependence and the frequency of synchronous task-oriented group CMC
exhibited on day 3 on cognition-based team trust measured on day 4 at the p<.05 level [F(1, 32)
= .468, p = .499]. There was a non-significant interaction effect between task interdependence
and the frequency of synchronous task-oriented group CMC exhibited on day 5 on cognitionbased team trust measured on day 5 at the p<.05 level [F(1, 27) = .004 p = .949].
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H11f. It was hypothesized that the dispersion of synchronous task-oriented CMC (i.e., on
days 1, 3, & 5) would have a greater positive effect on directly subsequent perceptions of
cognition-based team trust (i.e. on days 2, 4, & 5) for groups in the high task interdependence
conditions than for groups in the low task interdependence conditions. The results showed that
there was a non-significant interaction between task interdependence and the dispersion of
synchronous task-oriented group CMC exhibited on immediately subsequent cognition-based
team trust. More specifically, three interaction terms were created to represent the interaction
between task interdependence and the dispersion of task-oriented group CMC exhibited for each
time period. Next, a series of regression analysis were run to examine the effect of each
interaction term on immediately subsequent cognition-based team trust. There was a nonsignificant interaction effect between task interdependence and the dispersion of synchronous
task-oriented group CMC exhibited on day 1 on cognition-based team trust measured on day 2 at
the p<.05 level [F(1, 32) = .118, p = .723]. There was a non-significant interaction effect
between task interdependence and the dispersion of synchronous task-oriented group CMC
exhibited on day 3 on cognition-based trust measured on day 4 at the p<.05 level [F(1, 32) =
.203, p = .655]. There was a non-significant interaction effect between task interdependence and
the dispersion of synchronous task-oriented group CMC exhibited on day 5 on cognition-based
team trust measured on day 5 at the p<.05 level [F(1, 27) = .093 p = .762].
H11g. It was hypothesized that the frequency of asynchronous task-oriented CMC (i.e.,
on days 2 & 4) would have a greater positive effect on directly subsequent perceptions of
cognition-based team trust (i.e. on days 3 & 5) for groups in the high task interdependence
conditions than for groups in the low task interdependence conditions. The hypothesis could not
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be tested because asynchronous communication was not observed in any of the groups across the
simulation.
H11h. It was hypothesized that the dispersion of asynchronous task-oriented CMC (i.e.,
on days 2 & 4) would have a greater positive effect on directly subsequent perceptions of
cognition-based team trust (i.e. on days 3 & 5) for groups in the high task interdependence
conditions than for groups in the low task interdependence conditions. The hypothesis could not
be tested because asynchronous communication was not observed in any of the groups across the
simulation.
Main Effects of Relationship-Oriented Group CMC (H12 & H13).
The twelfth and thirteenth sets of hypotheses predicted that relationship-oriented group
CMC would predict immediately subsequent relationship-oriented group attitudinal variables.
Overall, the results did not support the hypotheses that relationship-oriented synchronous group
CMC would have a significant positive effect on immediately subsequent team cohesion (i.e.,
H12a & H12b) or affect-based team trust (i.e., H13a & H13b).
H12a. It was hypothesized that the frequency of synchronous relationship-oriented group
CMC (i.e., on days 1, 3, & 5) would have a positive effect on directly subsequent team cohesion
(i.e., on days 2, 4 & 5). The results showed that the frequency of relationship-oriented
synchronous group CMC did not have a significant effect on immediately subsequent team
cohesion. More specifically, simple linear regressions were calculated for each pair of successive
measurement points across the five-day simulation. Frequency of relationship-oriented
synchronous group CMC on day 1 had a non-significant effect on team cohesion measured on
day 2 at the p<.05 level [F(1, 30) = 2.743, p = .108] with an R2 of .084. Frequency of
synchronous relationship-oriented group CMC on day 3 had a non-significant effect on team
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cohesion measured on day 4 at the p<.05 level [F(1, 30) = 3.658, p = .065] with an R2 of .025.
Frequency of synchronous relationship-oriented group CMC on day 5 had a non-significant
effect on team cohesion measured on day 5 at the p<.05 level [F(1, 30) = .685, p = .415] with an
R2 of .025.
H12b. It was hypothesized that the dispersion of synchronous relationship-oriented group
CMC (i.e., on days 1, 3, & 5) would have a positive effect on directly subsequent perceptions of
team cohesion (i.e., on days 2, 4, & 5). The results showed that the dispersion of relationshiporiented synchronous group CMC did not have a significant positive effect on immediately
subsequent team cohesion. More specifically, simple linear regressions were calculated for each
pair of successive measurement points across the five-day simulation. Dispersion of relationshiporiented synchronous group CMC on day 1 did had a non-significant effect on team cohesion
measured on day 2 at the p<.05 level [F(1, 30) = .880, p = .356] with an R2 of .028. Dispersion of
synchronous relationship-oriented group CMC on day 3 had a non-significant effect on team
cohesion measured on day 4 at the p<.05 level [F(1, 30) = 2.088, p = .159] with an R2 of .065.
Dispersion of synchronous relationship-oriented group CMC on day 5 had a non-significant
effect on team cohesion measured on day 5 at the p<.05 level [F(1, 27) = .001, p = .976] with an
R2 of .000.
H12c. It was hypothesized that the frequency of asynchronous relationship-oriented
Group CMC (i.e., on days 2 & 4) would have a positive effect on directly subsequent perceptions
of team cohesion (i.e., on days 4 & 5). The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation.
H12d. It was hypothesized that the dispersion of asynchronous relationship-oriented
CMC (i.e., on days 2 & 4) would have a positive effect on directly subsequent perceptions of
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team cohesion (i.e., on days 4 & 5). The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation.
H13a. It was hypothesized that the frequency of synchronous relationship-oriented group
CMC (i.e., on days 1, 3, & 5) would have a positive effect on directly subsequent perceptions of
affect-based team trust (i.e., on days 2, 4, & 5). The results showed that the frequency of
synchronous relationship-oriented group CMC did not have a significant positive effect on
immediately subsequent affect-based team trust. More specifically, simple linear regressions
were calculated for each pair of successive measurement points across the five-day simulation.
Frequency of synchronous relationship-oriented group CMC on day 1 had a non-significant
effect on affect-based team trust measured on day 2 at the p<.05 level [F(1, 29) = .089, p = .768]
with an R2 of .003. Frequency of synchronous relationship-oriented group CMC on day 3 had a
non-significant effect on affect-based team trust measured on day 4 at the p<.05 level [F(1, 30) =
1.729, p = .199] with an R2 of .054. Frequency of synchronous relationship-oriented group CMC
on day 5 had a non-significant effect on affect-based team trust measured on day 5 at the p<.05
level [F(1, 27) = .346, p = .561] with an R2 of .013.
H13b. It was hypothesized that the dispersion of synchronous relationship-oriented group
CMC (i.e., on days 1, 3, & 5) would have a positive effect on directly subsequent perceptions of
affect-based team trust (i.e., on days 2, 4, & 5). The results showed that the dispersion of
synchronous relationship-oriented group CMC did not have a significant positive effect on
immediately subsequent affect-based team trust. More specifically, simple linear regressions
were calculated for each pair of successive measurement points across the five-day simulation.
Dispersion of synchronous relationship-oriented group CMC on day 1 had a non-significant
effect on affect-based team trust measured on day 2 at the p<.05 level [F(1, 29) = .608, p = .442]
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with an R2 of .021. Dispersion of synchronous relationship-oriented group CMC on day 3 had a
non-significant effect on affect-based team trust measured on day 4 at the p<.05 level [F(1, 30) =
2.438, p = .129] with an R2 of .075. Dispersion of synchronous task-oriented group CMC on day
5 had a non-significant effect on affect-based trust measured on day 5 at the p<.05 level [F(1, 27)
= .421, p = .522] with an R2 of .021.
H13c. It was predicted that the frequency of asynchronous relationship-oriented CMC
(i.e., on days 2 & 4) would have a positive effect on directly subsequent perceptions of affectbased team trust (i.e., on days 4 & 5).The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation.
H13d. It was predicted that the dispersion of asynchronous relationship-oriented CMC
(i.e., on days 2 & 4) would have a positive effect on directly subsequent perceptions of affectbased team trust (i.e., on days 4 & 5).The hypothesis could not be tested because asynchronous
communication was not observed in any of the groups across the simulation.
Interaction Effects Between Relationship-Oriented Group CMC & Outcome Interdependence
(H14).
The fourteenth set of hypotheses predicted that outcome-oriented CMC would have a
greater positive effect on relationship-oriented group attitudes for groups operating under high
outcome interdependence than low task interdependence. The fourteenth set of hypotheses
examined the interaction between outcome interdependence and synchronous relationshiporiented group CMC on subsequent relationship-oriented group attitudes. Overall, the hypotheses
that synchronous relationship-oriented group CMC would have a greater positive effect on
relationship-oriented group attitudes for groups operating under high outcome interdependence
was not supported.
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H14a. It was hypothesized that the frequency of synchronous relationship-oriented group
CMC behaviors (i.e., on days 1, 3, & 5) would have a greater positive effect on directly
subsequent perceptions of team cohesion (i.e. on days 2, 4, & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions.
The results showed that there was a non-significant interaction between outcome
interdependence and the frequency of synchronous relationship-oriented group CMC on
immediately subsequent team cohesion. More specifically, three interaction terms were created
to represent the interaction between outcome interdependence and the frequency of synchronous
relationship-oriented group CMC for each time period. Next, a series of regression analysis were
run to examine the effect of each interaction term on immediately subsequent team cohesion.
There was a non-significant interaction effect between outcome interdependence and the
frequency of synchronous relationship-oriented group CMC measured on day 1 on team
cohesion measured on day 2 at the p<.05 level [F(1, 32) = 1.788, p = .191]. There was a nonsignificant interaction effect between outcome interdependence and the frequency of
synchronous relationship-oriented group CMC measured on day 3 on team cohesion measured
on day 4 at the p<.05 level [F(1, 31) = 3.098, p = .088]. There was a non-significant interaction
effect between outcome interdependence and the frequency of synchronous relationship-oriented
group CMC measured on day 5 on team cohesion measured on day 5 at the p<.05 level [F(1, 27)
= .658 p = .425].
H14b. It was hypothesized that the dispersion of synchronous relationship-oriented group
CMC (i.e., on days 1, 3, and 5) would have a greater positive effect on directly subsequent
perceptions of team cohesion (i.e. on days 2, 4 & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions. The
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results showed that there was a non-significant interaction between outcome interdependence
and the dispersion of synchronous relationship-oriented group CMC on immediately subsequent
team cohesion. More specifically, three interaction terms were created to represent the
interaction between outcome interdependence and the dispersion of synchronous relationshiporiented group CMC for each time period. Next, a series of regression analysis were run to
examine the effect of each interaction term on immediately subsequent team cohesion. There was
a non-significant interaction effect between outcome interdependence and the dispersion of
synchronous relationship-oriented group CMC exhibited on day 1 on team cohesion measured on
day 2 at the p<.05 level [F(1, 32) = .785, p = .382]. There was a non-significant interaction effect
between outcome interdependence and the dispersion of synchronous relationship-oriented group
CMC measured on day 3 on team cohesion measured on day 4 at the p<.05 level [F(1, 31) =
1.014, p = .322]. There was a non-significant interaction effect between outcome
interdependence and the dispersion of synchronous relationship-oriented group CMC exhibited
on day 5 on team cohesion measured on day 5 at the p<.05 level [F(1, 27) = .365 p = .551].
H14c. It was hypothesized that the frequency of asynchronous relationship-oriented
CMC (i.e., on days 2 & 4) would have a greater positive effect on directly subsequent
perceptions of team cohesion (i.e. on days 4 & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions. The
hypothesis could not be tested because asynchronous communication was not observed in any of
the groups across the simulation.
H14d. It was hypothesized that the dispersion of asynchronous relationship-oriented

140

CMC (i.e., on days 2 & 4) would have a greater positive effect on directly subsequent
perceptions of team cohesion (i.e. on days 4 & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions.
The hypothesis could not be tested because asynchronous communication was not observed in
any of the groups across the simulation
H14e. It was hypothesized that the frequency of synchronous relationship-oriented group
CMC (i.e., on days 1, 3, & 5) would have a greater positive effect on directly subsequent
perceptions of affect-based team trust (i.e. on days 2, 4, & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions. The
results showed that there was a non-significant interaction between outcome interdependence
and the frequency of synchronous relationship-oriented group CMC on immediately subsequent
group perceptions of affect-based team trust. More specifically, three interaction terms were
created to represent the interaction between outcome interdependence and the frequency of
relationship-oriented group CMC for each time period. Next, a series of regression analysis were
run to examine the effect of each interaction term on immediately subsequent perceptions of
affect-based team trust. There was a non-significant interaction effect between outcome
interdependence and the frequency of synchronous relationship-oriented group CMC exhibited
on day 1 on affect-based team trust measured on day 2 at the p<.05 level [F(1, 31) = .775, p =
.385]. There was a non-significant interaction effect between outcome interdependence and the
frequency of synchronous relationship-oriented group CMC exhibited on day 3 on affect-based
team trust measured on day 4 at the p<.05 level [F(1, 31) = 2.200, p = .148]. There was a nonsignificant interaction effect between outcome interdependence and the frequency of
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synchronous relationship-oriented group CMC measured on day 5 on affect-based team trust
measured on day 5 at the p<.05 level [F(1, 27) = .015 p = .903].
H14f. It was hypothesized that the dispersion of synchronous relationship-oriented group
CMC (i.e., on days 1, 3, & 5) would have a greater positive effect on directly subsequent
perceptions of affect-based team trust (i.e. on days 2, 4, & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions. The
results showed that there was a significant interaction between outcome interdependence and the
dispersion of synchronous relationship-oriented group CMC exhibited on day 3 on immediately
subsequent affect-based team trust measured on day 4. More specifically, three interaction terms
were created to represent the interaction between outcome interdependence and the dispersion of
outcome-oriented group CMC for each time period. Next, a series of regression analysis were
run to examine the effect of each interaction term on immediately subsequent affect-based team
trust. There was a non-significant interaction effect between outcome interdependence and the
dispersion of synchronous relationship-oriented group CMC exhibited on day 1 on affect-based
team trust measured on day 2 at the p<.05 level [F(1, 31) = .119, p = .660]. There was a
significant interaction effect between outcome interdependence and the dispersion of
synchronous relationship-oriented CMC group exhibited on day 3 on affect-based team trust
measured on day 4 at the p<.05 level [F(1, 31) = 4.718, p = .038]. There was a non-significant
interaction effect between outcome interdependence and the dispersion of synchronous
relationship-oriented CMC group exhibited on day 5 on affect-based team trust measured on day
5 at the p<.05 level [F(1, 27) = .711 p = .406].
H14g. It was hypothesized that the frequency of asynchronous relationship-oriented
CMC (i.e., on days 2 & 4) would have a greater positive effect on directly subsequent
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perceptions of affect-based team trust (i.e. on days 4 & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions. The
hypothesis could not be tested because asynchronous communication was not observed in any of
the groups across the simulation.
H14h. It was hypothesized that the dispersion of asynchronous relationship-oriented
CMC (i.e., on days 2 & 4) would have a greater positive effect on directly subsequent
perceptions of affect-based team trust (i.e. on days 4 & 5) for groups in the high outcome
interdependence conditions than for groups in the low outcome interdependence conditions. The
hypothesis could not be tested because asynchronous communication was not observed in any of
the groups across the simulation.
Effects of Group Attitudes in High Task Interdependence Conditions (H15 & H17).
The fifteenth and seventeenth sets of hypotheses examined the effects of task-oriented
group attitudes on task-oriented synchronous group CMC for groups in the high task
interdependence conditions. This meant that groups operating in the low task interdependence
conditions were not included in the analysis. The hypotheses that team efficacy (i.e., H15a &
H15b) and cognition-based team trust (i.e., H17a & H17b) would have significant effects on
immediately subsequent task-oriented synchronous CMC for groups in the high task
interdependence conditions were not supported.
H15a. It was hypothesized that the perceptions of team efficacy (i.e., on days 2 & 4)
would have a negative effect on the frequency of directly subsequent synchronous task-oriented
CMC (i.e., on days 3 & 5) for groups in high task interdependence conditions. The results
showed that for groups in the high task interdependence conditions, team efficacy did not have a
significant effect on the frequency of immediately subsequent task-oriented synchronous group
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CMC. More specifically, simple linear regressions were calculated for each pair of successive
measurement points for groups in the high task interdependence conditions. For groups in the
high task interdependence conditions, team efficacy measured on day 2 had a non-significant
effect on the frequency of task-oriented synchronous group CMC on day 3 at the p<.05 level
[F(1, 15) = 1.294, p = .108] with an R2 of .079. For groups in the high task interdependence
conditions, team efficacy measured on day 4 had a non-significant effect on the frequency of
task-oriented synchronous group CMC on day 5 at the p<.05 level [F(1, 14) = .558, p = .467]
with an R2 of .038. It is important to note that since this hypothesis examined only the groups in
the high task interdependence conditions, the degrees of freedom in the regression analysis was
relatively smaller, limiting our ability to detect significant effects in the analysis.
H15b. It was hypothesized that perceptions of team efficacy (i.e., on days 2 & 4) would
have a negative effect on the dispersion of directly subsequent synchronous task-oriented CMC
(i.e., on days 3, & 5) for groups in high task interdependence conditions. The results showed that
for groups in the high task interdependence conditions, team efficacy did not have aa significant
effect on the dispersion of immediately subsequent task-oriented synchronous group CMC. More
specifically, simple linear regressions were calculated for each pair of successive measurement
points on groups in the high task interdependence conditions. For groups in the high task
interdependence conditions, team efficacy measured on day 2 had a non-significant effect on the
dispersion of task-oriented synchronous group CMC exhibited on day 3 at the p<.05 level [F(1,
15) = .365, p = .555] with an R2 of .024. For groups in the high task interdependence conditions,
team efficacy measured on day 4 had a non-significant effect on the dispersion of task-oriented
synchronous group CMC exhibited on day 5 at the p<.05 level [F(1, 14) = .558, p = .467] with an
R2 of .038. It is important to note that since this hypothesis examined only the groups in the high
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task interdependence conditions, the degrees of freedom in the regression analysis was relatively
smaller, limiting our ability to detect significant effects in the analysis.
H15c. It was hypothesized that the perceptions of team efficacy (i.e., on day 2) would
have a negative effect on frequency of directly asynchronous task-oriented CMC (i.e., on day 4)
for groups in high task interdependence conditions. The hypothesis could not be tested because
asynchronous communication was not observed in any of the groups across the simulation.
H15d. It was hypothesized that perceptions of team efficacy (i.e., on day 2) would have a
negative effect on the dispersion of directly subsequent asynchronous task-oriented CMC (i.e.,
on day 4) for groups in high task interdependence conditions. The hypothesis could not be tested
because asynchronous communication was not observed in any of the groups across the
simulation.
H17a. It was hypothesized that perceptions of cognition-based team trust (i.e., on days 2
& 4) would have a positive effect on the frequency of directly subsequent synchronous taskoriented CMC (i.e., on days 3 & 5) for groups in high task interdependence conditions. The
results showed that for groups in the high task interdependence conditions, cognition-based team
trust did not have a significant effect on the frequency of immediately subsequent task-oriented
synchronous group CMC. More specifically, simple linear regressions were calculated for each
pair of successive measurement points on groups in the high task interdependence conditions.
For groups in the high task interdependence conditions, cognition-based team trust measured on
day 2 had a non-significant effect on the frequency of task-oriented synchronous group CMC
exhibited on day 3 at the p<.05 level [F(1, 15) = .302, p = .591] with an R2 of .020. For groups in
the high task interdependency conditions, cognition-based team trust measured on day 4 had a
non-significant effect on the frequency of task-oriented group synchronous group CMC
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exhibited on day 5 at the p<.05 level [F(1, 14) = .209, p = .654] with an R2 of .038. It is
important to note that since this hypothesis examined only the groups in the high task
interdependence conditions, the degrees of freedom in the regression analysis was relatively
smaller, limiting our ability to detect significant effects in the analysis.
H17b. It was hypothesized that perceptions of cognition-based team trust (i.e., on days 2
& 4) would have a positive effect on the dispersion of directly subsequent synchronous taskoriented group CMC (i.e., on days 3 & 5) for groups in high task interdependence conditions.
The results showed that for groups in the high task interdependence conditions, cognition-based
team trust did not have a significant effect on the dispersion of immediately subsequent taskoriented synchronous group CMC. More specifically, simple linear regressions were calculated
for each pair of successive measurement points on groups in the high task interdependence
conditions. For groups in the high task interdependency conditions, cognition-based team trust
measured on day 2 had a non-significant effect on the dispersion of task-oriented group CMC
exhibited on day 3 at the p<.05 level [F(1, 15) = .067, p = .799] with an R2 of .004. For groups in
the high task interdependency conditions, cognition-based team trust measured on day 4 had a
non-significant effect on the frequency of synchronous task-oriented group CMC exhibited on
day 5 at the p<.05 level [F(1, 14) = .012, p = .914] with an R2 of .038. It is important to note that
since this hypothesis examined only the groups in the high task interdependence conditions, the
degrees of freedom in the regression analysis was relatively smaller, limiting our ability to detect
significant effects in the analysis.
H17c. It was hypothesized that perceptions of cognition-based team trust (i.e., on day 2)
will have a positive effect on the frequency of directly subsequent asynchronous task-oriented
group CMC (i.e., on day 4) for groups in high task interdependence conditions. The hypothesis
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could not be tested because asynchronous communication was not observed in any of the groups
across the simulation.
H17d. It was hypothesized that perceptions of cognition-based team trust (i.e., on day 2)
would have a positive effect on the dispersion of directly subsequent asynchronous task-oriented
CMC (i.e., on day 4) for groups in high task interdependence conditions. The hypothesis could
not be tested because asynchronous group CMC was not observed in any of the groups across the
simulation
Effects of Group Attitudes in High Outcome Interdependence Conditions (H16 & H18)
The sixteenth and eighteenth sets of hypotheses examined the effects of relationshiporiented group attitudes on relationship-oriented synchronous group CMC for groups in high
outcome interdependence conditions. This meant that groups operating in the low outcome
interdependence conditions were not included in the analysis. The hypotheses that team cohesion
(i.e., H15a & H15b) and affect-based team trust (i.e., H17a & H17b) would have significant
effects on immediately subsequent relationship-oriented synchronous CMC for groups in the
high outcome interdependence conditions were not supported.
H16a. It was hypothesized that perceptions of team cohesion (i.e., on days 2 & 4) would
have a positive effect on the frequency of directly subsequent synchronous relationship-oriented
CMC (i.e., on days 3 & 5) for groups in outcome interdependence conditions. The results
showed that team cohesion did not have a significant effect on the frequency of immediately
subsequent relationship-oriented group CMC for groups in the high outcome interdependence
conditions. More specifically, simple linear regressions were calculated for each pair of
successive measurement points on groups in the high outcome interdependence conditions. For
groups in the high outcome interdependency conditions, team cohesion measured on day 2 did
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not have a significant effect on the frequency of relationship-oriented synchronous group CMC
exhibited on day 3 at the p<.05 level [F(1, 14) = .082, p = .779] with an R2 of .006. For groups in
the high outcome interdependency conditions, team cohesion measured on day 4 did not have a
significant effect on the frequency of relationship-oriented synchronous group CMC exhibited on
day 5 at the p<.05 level [F(1, 12) = .814, p = .385] with an R2 of .064. It is important to note that
since this hypothesis examined only the groups in the high outcome interdependence conditions,
the degrees of freedom in the regression analysis was relatively smaller, limiting our ability to
detect significant effects in the analysis.
H16b. It was hypothesized that perceptions of team cohesion (i.e., on days 2 & 4) would
have a positive effect on the dispersion of directly subsequent synchronous relationship-oriented
CMC (i.e., on days 3 & 5) for groups in high outcome interdependence conditions. The results
showed that team cohesion did not have a significant positive effect on the dispersion of
immediately subsequent relationship-oriented group CMC for groups in the high outcome
interdependence conditions. More specifically, simple linear regressions were calculated for each
pair of successive measurement points on groups in the high outcome interdependence
conditions. For groups in the high outcome interdependency conditions, team cohesion measured
on day 2 had a non-significant effect on the dispersion of relationship-oriented synchronous
group CMC exhibited on day 3 at the p<.05 level [F(1, 14) = 1.304, p = .273] with an R2 of .085.
For groups in the high outcome interdependency conditions, team cohesion measured on day 4
had a non-significant effect on the dispersion of relationship-oriented synchronous group CMC
exhibited on day 5 at the p<.05 level [F(1, 12) = 1.121, p = .311] with an R2 of .085. It is
important to note that since this hypothesis examined only the groups in the high outcome
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interdependence conditions, the degrees of freedom in the regression analysis was relatively
smaller, limiting our ability to detect significant effects in the analysis.
H16c. It was hypothesized that perceptions of team cohesion (i.e., on day 2) would have
a positive effect on the frequency of directly subsequent asynchronous relationship-oriented
group CMC (i.e., on day 4) for groups in high outcome interdependence conditions. The
hypothesis could not be tested because asynchronous communication was not observed in any of
the groups across the simulation
H16d. It was hypothesized that perceptions of team cohesion (i.e., on day 2) will have a
positive effect on the dispersion of directly subsequent asynchronous relationship-oriented group
CMC (i.e., on day 4) for groups in high outcome interdependence conditions. The hypothesis
could not be tested because asynchronous communication was not observed in any of the groups
across the simulation.
H18a. It was hypothesized that perceptions of affect-based team trust (i.e., on days 2 &
4) would have a positive effect on the frequency of directly subsequent synchronous
relationship-oriented CMC (i.e., on days 3 & 5) for groups in high outcome interdependence
conditions. The results showed that affect-based team trust did not have a significant effect on
the frequency of immediately subsequent synchronous relationship-oriented group CMC for
groups in the high outcome interdependence conditions. More specifically, simple linear
regressions were calculated for each pair of successive measurement points on groups in the high
outcome interdependence conditions. For groups in the high outcome interdependency
conditions, affect-based team trust measured on day 2 did not have a significant effect on the
frequency of synchronous relationship-oriented group CMC exhibited on day 3 at the p<.05 level
[F(1, 14) = .643, p = .436] with an R2 of .044]. For groups in the high outcome interdependency
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conditions, affect-based team trust measured on day 4 had a non-significant effect on the
frequency of relationship-oriented synchronous group CMC exhibited on day 5 at the p<.05 level
[F(1, 12) = .906, p = .360] with an R2 of .070. It is important to note that since this hypothesis
examined only the groups in the high outcome interdependence conditions, the degrees of
freedom in the regression analysis was relatively smaller, limiting our ability to detect significant
effects in the analysis.
H18b. It was hypothesized that perceptions of affect-based team trust (i.e., on days 2 &
4) would have a positive effect on the dispersion of directly subsequent synchronous
relationship-oriented CMC (i.e., on days 3 & 5) for groups in high outcome interdependence
conditions. The results showed that group affect-based team trust did not have a significant
positive effect on the dispersion of immediately subsequent relationship-oriented synchronous
group CMC for groups in the high outcome interdependence conditions. More specifically,
simple linear regressions were calculated for each pair of successive measurement points on
groups in the high outcome interdependence conditions. For groups in the high outcome
interdependency conditions, affect-based team trust measured on day 2 had a non-significant
effect on the dispersion of synchronous relationship-oriented group CMC exhibited on day 3 at
the p<.05 level [F(1, 14) = 2.402, p = .143] with an R2 of .146. For groups in the high outcome
interdependency conditions, affect-based team trust measured on day 4 had a non-significant
effect on the dispersion of relationship-oriented synchronous group CMC exhibited on day 5 at
the p<.05 level [F(1, 12) = 2.061, p = .177] with an R2 of .147. It is important to note that since
this hypothesis examined only the groups in the high outcome interdependence conditions, the
degrees of freedom in the regression analysis were relatively smaller, limiting our ability to
detect significant effects in the analysis.
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H18c. It was hypothesized that perceptions of affect-based team trust (i.e., on day 2)
would have a positive effect on the frequency of directly subsequent asynchronous relationshiporiented CMC (i.e., on day 4) for groups in high outcome interdependence conditions. The
hypothesis could not be tested because asynchronous communication was not observed in any of
the groups across the simulation.
H18d. It was hypothesized that perceptions of affect-based team trust (i.e., on day 2)
would have a positive effect on the dispersion of directly subsequent asynchronous relationshiporiented CMC behaviors (i.e., on day 4) for groups in high outcome interdependence conditions.
The hypothesis could not be tested because asynchronous communication was not observed in
any of the groups across the simulation.
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H7a – H7d

H6a – H6d

H5a – H5d

H4a – H4e

H3a – H3e

H2a – H2h

Task interdependence would have a
greater positive effect on taskoriented attitudes and group CMC
Outcome interdependence would
have a greater positive effect on
relationship-oriented group attitudes
and group CMC.
Outcome interdependence would
have a negative effect on the SDs of
group attitudes
Negative effect of outcome
interdependence on the SD of group
attitudes would become greater over
time
Outcome interdependence
manipulation would have a greater
negative effect on the SD of group
perceptions for groups operating
under high task interdependence than
for groups operating under low
interdependence

Partially Supported

Not Supported

Partially Supported

Not Supported

Summary of Results

Series of Regression
Analyses

General linear model with
within and between group
effects

Not Supported

Not Supported

One way between-subjects Not Supported
ANOVAs

Comparison of one way
between-subjects
ANOVAs
Comparison of one way
between-subjects
ANOVAs

Multilevel Regression &
one way between-subjects
ANOVA
Multilevel Regression &
one way between-subjects
ANOVA

H1a - H1i

Task interdependence would have a
positive effect on group attitudes and
group CMC
Outcome interdependence would
have a positive effect on group
attitudes and group CMC

Analysis

Hypothesis

Table 15: Summary of Hypothesis Testing and Results

H4a: F = 4.789; 13.172;
7.306
H4b: F = 4.475

H2e: F = 6.337; 17.452;
10.287
H2f: F = 4.760; 6.615

Inferential Statistic (if
significance detected)
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H14a – H14h

H13a – H13d

H12a – H12d

H11a – H11h

H10a – H10d

H9a – H9d

H8a – H8d

Outcome interdependence would
have a greater negative effect on the
SD of group perceptions for groups
operating under high task
interdependence than for groups
operating under low interdependence
and this negative effect would
become greater over time.
Task-oriented group CMC would
predict immediately subsequent team
efficacy
Task-oriented group CMC would
predict immediately subsequent
cognition-based trust
Task-oriented CMC would have a
greater positive effect on taskoriented group attitudes for groups
operating under high task
interdependence than low task
interdependence
Relationship-oriented group CMC
would predict immediately
subsequent team cohesion
Relationship-oriented group CMC
would predict immediately
subsequent affect-based trust
Outcome-oriented CMC would have
a greater positive effect on
relationship-oriented group attitudes
for groups operating under high
outcome interdependence than low
task interdependence
Series of linear regression
analyses on interaction
terms

Series of simple linear
regression analyses

Series of simple linear
regression analyses

Series of linear regression
analyses on interaction
terms

Series of simple linear
regression analyses

Series of simple linear
regression analyses

General linear model with
within and between group
effects

Not Supported

Not Supported

Not Supported

Not Supported

Partially Supported

Partially Supported

Not Supported

H10: F = 7.443; 12.228

H9a: F = 6.667; 4.443

154

H15a – H15d Team efficacy would have significant
effects on immediately subsequent
task-oriented synchronous CMC for
groups in the high task
interdependence conditions
H16a – H16d Team cohesion would have
significant effects on immediately
subsequent relationship-oriented
synchronous CMC for groups in the
high outcome interdependence
conditions
H17a – H17d Cognition-based team trust would
have significant effects on
immediately subsequent task-oriented
synchronous CMC for groups in the
high task interdependence conditions
H18a – H18d Affect-based team trust would have
significant effects on immediately
subsequent relationship-oriented
synchronous CMC for groups in the
high outcome interdependence
conditions

Not Supported

Not Supported

Not Supported

Not Supported

Series of simple linear
regression analyses

Series of simple linear
regression analyses

Series of simple linear
regression analyses

Series of simple linear
regression analyses

Discussion
This dissertation examined the effects of group goal, feedback and task structures on
electronic communication and emergence in newly formed virtual triads. Building off of metaanalytic research by Courtright et al. (2015) on structural interdependencies, we manipulated task
interdependence and outcome interdependence to study their effects on task-oriented CMC (e.g.,
facilitating behavior) and emergent states (e.g., team efficacy) and relationship-oriented CMC
(e.g., encouraging behavior) and emergent states (e.g., team cohesion) within an experimental
design. We put forth a comprehensive series of hypotheses aimed at uncovering not only the
conditions under which emergence occurs but also the dynamics of emergence, or how members
develop shared perceptions about their groups over time. By conducting this study, we answered
the calls of several prior researchers to take a dynamic approach to the study of emergence (e.g.,
Courtright et al., 2015; Coultas et al., 2014; Kozlowski, 2015) and to extend prior research on
team dynamics and emergent phenomena to the virtual settings that increasingly make up
contemporary workplaces (Bergiel et al., 2008; Gilson et al., 2015), particularly since the onset
of the Covid-19 pandemic (De et al,, 2020; Feitosa & Salas, 2020).
Overview of Findings
The first two sets of hypotheses were predictions that task interdependence (H1) and
outcome interdependence (H2) would have positive effects on group attitudes and group CMC.
These hypotheses were partially supported. Overall, we found that neither task interdependence
nor outcome interdependence had significant effects on emergent team cohesion, team efficacy,
team trust, or group information sharing perceptions. However, observable trends in the data
suggested that groups operating under both low task interdependence and low outcome
interdependence consistently reported lower levels of team cohesion, team efficacy, and team
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trust than groups in any of the other three conditions. Therefore, the failure to detect significant
effects could have been attributable to sampling constraints (i.e., relatively small sample sizes at
both levels of analysis). In contrast, the analyses revealed that outcome interdependence had a
significant positive effect on both task-oriented and relationship-oriented group CMC, providing
evidence that when virtual groups members possess shared goals and received shared feedback
they engage in more frequent and a broader range of CMC during live task episode sessions.
The third and fourth sets of hypotheses were predictions that task interdependence would
have a greater positive effect on task-oriented group attitudinal/CMC variables (H3) and that
outcome interdependence would have a greater positive effect on relationship-oriented group
attitudinal/CMC variables (H4). These hypotheses were partially supported. As mentioned
above, neither task interdependence nor outcome interdependence had significant effects on
emergent group attitudes. As expected, outcome interdependence had a greater positive effect on
relationship-oriented CMC than task interdependence. However, contrary to expectations,
outcome interdependence also had a greater positive effect on task-oriented CMC than task
interdependence. Therefore, one of the central findings of this study was that outcome
interdependence had robust positive effects on both task and relationship-oriented group CMC
across the length of the experimental simulation.
The fifth, sixth, seventh, and eighth sets of hypotheses made predictions about the
conditions under which group member perceptions converge into emergent properties over time.
Overall, the hypotheses that this convergence was more likely to occur under conditions of high
outcome interdependence (H5 & H6) and conditions of high task interdependence (H7 & H8)
were not supported. However, interesting and unexpected trends in the SDs of group variables
were detected. More specifically, several significant quadratic effects were identified (i.e., for
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team cohesion, team efficacy and information sharing), meaning that, in general, group member
perceptions converged from time 1 to time 2 and then diverged from time 2 to time 3. Although
contrary to the prediction that group attitudes would converge in a linear fashion over time
(particularly for teams operating under high outcome and task interdependence), the key
implication of this finding is that emergence of shared perceptions in virtual environments is not
a linear process –– group member perceptions may converge at one stage and then diverge at a
later stage in a virtual group’s lifecycle.
The ninth, tenth, twelfth, and thirteenth sets of hypotheses stated that group CMC would
predict emergence of immediately subsequent group attitudes. The hypotheses were partially
supported. More specifically, task-oriented group CMC predicted immediately subsequent team
efficacy (H9) and cognition-based team trust (H10) but relationship-oriented group CMC did not
predict immediately subsequent team cohesion (H12) or affect-based team trust (H13). It is
important to note that relationship-oriented CMC was far less frequently observed than taskoriented CMC across the simulation, a difference that could be attributable to the timed nature of
the groups’ assignment and experimental simulation. We suspect that under different task
structures or in other virtual environments, group members would have the opportunity to exhibit
more relationship-oriented CMC and the effects of relationship-oriented CMC on emergent
phenomena would be detectable. Nevertheless, the second central finding of this research is that
task-oriented group CMC predicted the emergence of task-oriented group perceptions,
supporting the proposition that emergent phenomena are driven by team processes (Mathieu et
al., 2014; Kozlowski et al., 2015), or the individual behaviors and interactions between group
members.
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The fifteenth, sixteenth, seventeenth, and eighteenth sets of hypotheses examined the
effects of emergent variables on immediately subsequent group CMC under conditions of high
task interdependence (H15 & H16) and under conditions of high outcome interdependence (H17
& H18). These hypotheses were not supported. More specifically, we did not find that emergent
group perceptions had causal effects on immediately subsequent group CMC. It is important to
note that these analyses were conducted on subsets of the data (i.e., groups in two of the four
conditions), making significant effects more difficult to detect due to substantially smaller
sample sizes. Nevertheless, our findings indicated that the reciprocal link between group CMC
and emergent states was only partially supported, with group CMC predicting subsequent
emergence (i.e., (H9 & H10) but emergence failing to predict subsequent group CMC (H15,
H16, H17, & H18).
Summary of Findings
In sum, there are three primary findings that can be culled from the extensive set of
hypothesis testing. First, virtual groups that were provided with shared goals and shared
performance feedback engaged in substantially more task-oriented and relationship-oriented
group CMC than groups provided with individual goals and performance feedback across the
length of the simulation, providing support for the notion that shared goals create the conditions
for cooperative and effective communication between group members. Second, task-oriented
group CMC predicted the emergence of task-oriented emergent phenomena across multiple days
and measurement points, indicating that emergence is driven by communicative team processes
in virtual settings. Finally, group member attitudes converged midway through the virtual group
simulation and diverged again at the end of the simulation, demonstrating that emergence in
newly formed virtual groups is a dynamic and nonlinear phenomenon.
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Theoretical Implications
This study extends and links several conceptual frameworks related to group dynamics
and emergence. First, we extend a long history of research on social interdependence theory
(Deutsch, 1949; Johnson & Johnson, 2005) to the study of quick-forming virtual groups.
Consistent with the tenets of the theory, we found that shared goal structures fostered
cooperative communicative team processes, in this case task and relationship-oriented CMC
during each of the task episodes. These findings suggest that even in completely virtual
environments using exclusively text-based electronic communication, positive or shared goal
structures can bring group members together to communicate in a cooperative and effective
manner. Conceptually, these shared goal structures create the conditions for communication and
emergence in virtual groups. Building from this foundation we applied other conceptual
frameworks to understand how these effects emerge, persist or change over time.
In line with the perspective that teams are complex, adaptive and dynamic systems
(Kozlowski, 2015; Mathieu et al., 2014; McGrath, 1999), we took the perspective that team
processes and emergent phenomena are distinct concepts (Marks et al., 2001; Kozlowski, 2015),
and that emergence manifests over time through team processes, or the individual level behaviors
and interactions between group members. We applied Kozlowski and Klein’s (2000) multilevel
theory and measured several composition-based emergent phenomena (e.g., team trust, team
cohesion, and team efficacy). Our findings generalize theoretical frameworks of compositionbased emergence to virtual environments by demonstrating that team processes manifested as
text-based electronic communication predicts emergence of efficacy and trust in newly formed
groups.
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To bridge the conceptual underpinnings of structural interdependence (i.e., social
interdependence theory; Deutsch, 1949) with theories of team dynamics and emergence (i.e.,
multilevel theory, Kozlowski & Klein, 2000) we applied a conceptual framework put forth by
Courtright et al. (2015) in their meta-analysis to distinguish between different forms of team
processes and emergent phenomena. Courtright et al. (2015) categorized team processes and
emergent states as either task-oriented or relationship-oriented. We used this conceptual
dichotomy to propose that different forms of structural interdependence give rise to different
types of communication behaviors and emergent phenomena in virtual groups. To our
knowledge this was the first study to explicitly differentiate between task and relationshiporiented CMC and emergent phenomena in a virtual environment, a new application of a
preexisting framework to shed light on how emergence occurs in quick-forming virtual groups
that rely on text-based communication to accomplish shared goals.
Finally, our findings indicate that emergence in virtual groups should be considered
within the broader context of group lifecycles and developmental trajectories. In particular, the
data revealed a pattern whereby emergence occurred in the middle of the simulation (i.e.,
between day 2 and day 4) through the convergence of group member perceptions and then
dissolved at the end of the simulation (i.e., between day 4 and day 5) through the divergence of
group member perceptions. Arguably the most common applied theory on group development
was formulated by Tuckman (1965), who argued that groups go through five primary
developmental stages: forming, storming, norming, performing, and adjourning. It seems
intuitive to suggest that emergence occurred during the norming and performing stages of group
development and the dissolvement of group attitudes occurred at the adjourning stage of group
development. Therefore, our findings provide new evidence that virtual groups go through
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different developmental stages over time, and that emergence needs to be considered within this
context.
Practical Implications
The Covid-19 pandemic has led to large-scale virtualization within work organizations
(Pandey, & Pal, 2020). This societal transformation has generated a need to better understand
work group dynamics and emergence in digital environments (Feitosa & Salas, 2020). Therefore,
this research has several highly applicable practical implications for optimizing groups and teams
in these ever more common settings.
First, our findings show that setting common or shared goals enable group members to
interact cooperatively and effectively in virtual environments. Therefore, it is important for
leaders to ensure shared goals have been set when they design and form virtual groups. Ideally,
virtual group members can be involved in a participative group goal setting process to ensure
that they each feel a sense of ownership and understand the value of their contributions to the
group’s objectives. Leaders should also take frequent opportunities, such as during weekly
virtual meetings, to ensure members continue to be aligned around the group’s priorities and
objectives. According to our findings, these exercises will promote task-oriented virtual
communications between group members, such as group problem solving and group decisionmaking behaviors. Ensuring that group members possess shared goals will also create the
conditions for relationship-oriented virtual communications, such as encouraging and praising
behaviors or providing humor, and will mitigate conflict and competition between virtual group
members.
Second, our findings point to the importance of providing virtual groups with shared
feedback on their collective performance in a clear, accurate, and timely fashion. Leaders would
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be well served to offer their virtual groups a regular cadence of feedback on their performance
and particularly after meaningful or substantial tasks have been completed. Decades of research
point to the importance of accurate and timely feedback (e.g., Gabelica et al., 2012; Nadler,
1979) and our research suggests that this need exists and might even be amplified in virtual
group settings. Although opportunities to provide feedback in face-to-face team settings might
come more naturally or more informally in passing, more explicit methods of ensuring groups
are provided with timely feedback are likely required in virtual work environments. These
explicit methods may actually have the added benefit of ensuring the entire group receives the
feedback at the same time. We observed praising or encouraging behaviors between group
members after they received their group performance feedback in real time after completing their
tasks and so providing groups this opportunity likely encourages beneficial dialogue between
group members. Of course, whether performance feedback is appropriate to deliver in a group
setting is also dependent on other factors, such as the importance of the task, degree of task
interdependency required, and so forth.
Third, it is vital for virtual group members to have the skills and technology to
communicate openly and effectively in their virtual environment. Our research shows that
synchronous text-based communication behaviors gives rise to shared perceptions of team
efficacy and cognition-based team trust. As leaders design their virtual groups and teams, they
should evaluate those individuals to ensure they possess the virtual communication skills, and are
equipped with the appropriate hardware (e.g., computer; smartphone) and software (e.g., digital
collaboration tools) to support ongoing dialogue. Leaders also need to take the time to
understand the resource interdependencies that exist within their virtual groups and the
implications of those interdependencies on information flow within the group’s communication
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networks. For example, it is important to understand if information exchange is hampered or
slowed because group members depend too much or too frequently on one or more members
(i.e., ‘bottlenecks’). In practice this means it is important for virtual team leaders to understand
who needs to be collaborate with whom and to ensure that those group members have the time
and means to collaborate in an efficient manner.
Finally, our research illustrates composition-based emergence or how group member
attitudes converge over time in virtual settings. Our findings show that in the right context and
under the right conditions, performance enabling group states, such as cohesion, efficacy, and
trust can emerge rather quickly - over the first several days and through relatively limited
interaction between virtual group members via text-based chat. However, these shared
perceptions do not necessarily persist over time, exhibiting nonlinear patterns over time. It
therefore important for leaders to consider the team’s lifecycle, and at what point in the lifecycle
emergence is most likely to occur. This is important for leaders to understand so that they can
more easily predict and manage emergence within their virtual groups. For example, the types of
goal-setting activities that create the conditions for emergence are likely different for short-term
virtual groups that are organized around a particular task or project than for permanent virtual
groups that operate with more stable roles inside organizations.
Limitations
Like all research studies, this dissertation had several limitations. The most significant
limitation was that only a fraction of the proposed sample size was collected. More specifically,
data was planned to be collected on 140 groups or 420 individuals. In actually, data was only
collected on 36 teams or 108 individuals. The data collection process was cut short for multiple
reasons. First, the logistical constraints of the study made it difficult to collect high volumes of
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data at once – data could only be collected on three groups per week. Second, the patterns of
both the significant effects that were obtained, as well as the non-significant findings that were
obtained on the limited data that was collected, pointed to several clear and interpretable results.
Finally, the onset of the Convid-19 pandemic disrupted the functioning and operations of the
subject pool in late March, 2020.
Therefore, the analysis was constrained by small sample sizes on both the individual and
group levels of analysis. Data was collected on 36 groups and 108 individuals, which was
estimated at below optimal levels of statistical power. The original plan called for collecting
additional data but due to extenuating circumstances (i.e., pool of research credits was drastically
cut during the Spring, 2020 semester), it no longer became practical to collect more data before
the Fall, 2020 semester. The available sample size was even smaller for the subsets of
hypotheses that examined only the groups in the high task interdependence conditions (H15 &
H17) or only the groups in the high outcome interdependence conditions (H16 & H18). These
hypotheses were also limited because they tested effects on only one of two conditions, so even
if significant effects had been detected, they would be difficult to interpret because there would
be no comparison group from which to compare the findings. Therefore, the small sample sizes
hampered the analysis and diminished the likelihood of obtaining significant effects. However,
viewed from an alternative perspective, the significant effects we did obtain were robust enough
to detected in a relatively small sample and in many of these cases the p value was substantially
lower than .05, which reduces the risk that they were attributable to Type II error.
A second limitation of the study concerned the external validity of the task
interdependence manipulation. Although we leveraged a technique applied in previous research
on resource interdependence (i.e., Covert & Thomas, 1978; Roebuck et al., 2004; Thiagarajan &
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Parker 1999), the unique resource that was provided in this task manipulation was surface level
information that was clearly germane to the task at hand and clearly needed to be shared in order
to complete the task. In real-world circumstances, virtual group members need to determine in
real time which embedded resources or information they need to share with their group to be
successful. In other words, a situation in which group members share embedded knowledge and
resources in response to unfolding or novel task scenarios may be fundamentally different than a
situation in which surface level information related to the task at hand is provided to group
members, who subsequently know the information needs to be shared with one another to
complete the task.
Third, there was a natural confound between task and time. More specifically, the
manipulations were not extensively piloted before the primary study to ensure equivalence, so
the effects that were noted over time, could have been at least partially attributable to differences
between the three task episodes. In other words, the effects of CMC during the task episodes may
be conflated with the tasks themselves. Future research will be better served to extensively pilot
the study beforehand and counterbalance the tasks across conditions. Relatedly, manipulation
checks were not used to ensure that participants were interpreting the manipulations in the way
that they were intended to. Therefore, it is also conceivable that the effects detected may not be
attributable to the construct we intended to manipulate (e.g., outcome interdependence), but
rather to a different construct we unintentionally manipulated.
Fourth, this study was meant to solicit both synchronous and asynchronous
communication within virtual triads but none of the groups engaged in any asynchronous
communication throughout the simulation. This was due to the design of the simulation and
episodic nature of task scenarios, which did not require group members to communicate in
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between the tasks. Although we anticipated that some groups would interact between task
episodes, particularly those whose members appeared to enjoy one another’s company, it quickly
became apparent that group members were not motivated to exhibit CMC during the times in
between live task episodes. Therefore, the study’s hypotheses related to asynchronous
communication could not be tested.
A final limitation of this study relates to the method used to assess emergent phenomena.
The same survey scales were administered to participants on day 1, 3, and 5 of the experimental
simulation. This approach was chosen to capture the dynamic quality of group perceptions over
time and so valid comparisons could be made between groups and within groups over time.
However, there are downsides associated with repeatedly surveying participants using the same
scale measurements, such as increased likelihood of survey fatigue and biased response patterns.
Despite these risks, clear patterns and significant effects were detected in the data, and
unexpected trends (i.e., nonlinear emergence) can be accounted for by post-hoc theoretical
justifications (i.e., theory of group development; Tuckman, 1965).
Directions for Future Research
There are several ample opportunities to build on this research and to explore new
avenues in the virtual group and team literature, which has become increasingly relevant for
organizations as a result of the Covid-19 pandemic (Feitosa & Salas, 2020). First, the research
design used here provides a template for other researchers to continue to explore the dynamics of
emergence. More specifically, the staggered approach to measuring team processes and
collecting attitudinal data meets the requirements needed to explore the mechanics and dynamics
of emergence in virtual settings. Although this research did not support the proposition that team
processes and emergent properties interact in a reciprocal fashion, these reciprocal relationships
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have been talked about conceptually but rarely studied empirically. Future researchers should
seek to deepen our understanding of how emergence occurs by continuing to test the dynamic
qualities and effects of team processes and emergent phenomena in virtual groups.
Another fruitful area for future research leverages new and innovative methods for
collecting data on virtual group processes and emergent perceptions. Digital collaboration tools,
such as Slack, are being adopted at higher rates within organizations and can provide researchers
with large quantities of data on virtual group communications, opening up new possibilities for
research on emergence in these settings. Researchers should also continue to capture behavioral
team processes in other innovative ways, such as by coding interactions between virtual group
members as they communicate in real time over conference calls or video conferencing
platforms. Advances in biometrics provide the opportunities to record physiological responses
group members exhibit as they communicate with other group members and facial recognition
software can be used to assess the emotional or affective qualities of interactive team processes
and shared psychological states. Finally, organizational network analysis has the potential to
measure team processes and emergent phenomena in new and revealing ways. For example,
team trust can be operationalized as the network density of a group’s trust network, or essentially
the proportion of mutually trusting dyadic relationships that exist within a group.
Conceptualizing processes and/or emergent states as network properties allows researchers to
analyze group dynamics on a more granular level by revealing each group members’ relative
position within the network.
Yet another way to build on these findings is by testing the properties of emergence in
different types of groups and teams that operate in different virtual contexts. For example, this
research can be extended by studying emergent phenomena in organizational settings. It would
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also be informative to better understand how different structural parameters influence emergent
properties in these ever more common settings. For example, researchers can study group size,
the technology that is being used, the nature of the task demands on the group (e.g.,
brainstorming, decision-making, problem-solving), and the group lifespan so that it can be
determined how these various structural virtual group design features influence group processes
and emergence over time. For example, research on groups with longer life spans may detect
different types of change patterns in emergence over time, as socialization processes are likely
different and may take relatively longer in those settings (Levine & Moreland, 2006)
Finally, future research should place a greater emphasis on the measurement and
prediction of performance in virtual groups. This study treated group performance as an additive
construct – a simple additive function of individual group member performance scores. This
construct allowed us to provide immediate, accurate and clear performance feedback across the
simulation. However, the additive construct is also limiting because in reality group performance
is an emergent, multidimensional construct and ultimately, practitioners are concerned with
optimizing performance in a work environment that is increasingly defined by virtual
communication and teaming. Therefore, future research should approach the measurement and
prediction of virtual group performance with greater conceptual and empirical sophistication.
Conclusion
Virtual groups are increasingly common in today’s organizations, yet relatively little is
known about the dynamics of emergence in these settings. This dissertation contributed to the
literature by offering a comprehensive analysis of emergence in newly formed virtual groups
over a five-day period of time. We found that outcome interdependence predicted subsequent
communications between group members and that these communications predicted the
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emergence of team efficacy and cognition-based team trust. We also found that emergence in
these settings is fickle, and that virtual group member perceptions can diverge again just as
quickly as they converge into shared attitudes. In sum, our research provides a conceptual
foundation and empirical framework for understanding the conditions and dynamics of emergent
properties in virtual groups.
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APPENDIX A
Team Cohesion
Instructions: Please indicate the degree to which you agree with the following statements.
1 – Completely disagree
2 – Moderately disagree
3 – Slightly disagree
4 – Neither agree nor disagree
5 – Slightly agree
6 – Moderately agree
7 – Completely agree
Table A1: Team Cohesion Scale Items
Item
Compared to other groups like mine, members of my group work well together.
Many of the members fit what I feel to be the idea of a good group member.
I like the group I am in.
If I were to participate in another group like this one, I would want it to include people who
are very similar to the ones in this group.
The group is composed of people who fit together.
I enjoy interacting with this group very much.
I want to remain a member of this group.
I feel attracted to the group.
There is a feeling of unity and cohesion in this group.
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APPENDIX B
Team Trust
Instruction: Please indicate the degree to which you agree with the following statements.
1 – Strongly disagree
2 – Disagree
3 – Neither agree nor disagree
4 – Agree
5 – Strongly agree
Table B1: Team Trust Scale
Item

Dimension

Most of my teammates approach his/her task with
professionalism and dedication.

Cognition-Based

I see no reason to doubt my teammates’ competence and
preparation for the task.

Cognition-Based

I can rely on other teammates not to make my job more
difficult by careless work.

Cognition-Based

Most of my teammates can be relied upon to do as they say
they will.

Cognition-Based

I can communicate freely about difficulties I am having at
work and I know that my team will want to listen.

Affect-Based

I would feel a sense of loss of one of us left and we could no
longer work together.

Affect-Based

If I shared my problems with my team, I know they would
respond constructively and caringly.

Affect-Based

I would have to say that my team has made considerable
emotional investments in our working relationship.

Affect-Based
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APPENDIX C
Team Efficacy
Instructions: Indicate the extent to which you agree with the following statements.
1 – Completely disagree
2 – Moderately disagree
3 – Slightly disagree
4 – Neither agree nor disagree
5 – Slightly agree
6 – Moderately agree
7 – Completely agree
Table C1: Team Efficacy Scale
Item
Our team correctly interprets the clues to solve the mysteries.
We are confident in our ability to accurately answer the mystery questions.
This team answers the mystery questions quickly compared to other teams.
We do not find the mystery task to be a challenging assignment for our team.
This team understands what is required to answer the mystery questions.
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APPENDIX D
Self-Efficacy
Instructions: Please indicate the extent to which you agree with the following statements.
1 – Completely disagree
2 – Moderately disagree
3 – Slightly disagree
4 – Neither agree nor disagree
5 – Slightly agree
6 – Moderately agree
7 – Completely agree
Table D1: Self Efficacy Scale
Item
I correctly interpret the clues to answer the mysteries.
I am confident in my ability to accurately answer the mystery questions.
I answer the mystery questions quickly compared to other individuals.
I do not find the mystery task to be a challenging assignment.
I understand what is required to answer the mystery questions.
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APPENDIX E
Information Sharing
Instructions: Please indicate how frequently each statement occurs in your team.
1 – Very Rarely
2 – Rarely
3 – Sometimes
4 – Often
5 – Very often
Table E1: Information Sharing Scale
Item
Communicating is not a problem in my team.
Members of my team inform each other about work-related issues
The quality of information exchange in our team is good.
I get new facts, insights, and ideas from the teammates.
During work meetings we tell each other what we knew already and do not exchange new
information.
We do not repeat ourselves during team meetings
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APPENDIX F
Preference for Online Social Interaction
Instructions: Please indicate the extent to which you agree with the following statements.
1 – Strongly disagree
2 – Disagree
3 – Neither agree nor disagree
4 – Agree
5 – Strongly agree
Table F1: Preference of Online Social Interaction Scale
Item
I am treated better online than in face-to-face relationships.
I feel safer relating to others online rather than face-to-face.
I am more confident socializing online than offline.
I am more comfortable with computers than people.
I am treated better online than offline.
I don’t worry about how I look when socializing online.
I don’t worry about relationship commitment when socializing online.
I have control over how others perceive me online.
I am willing to give up some of my face-to-face relationships to have more time for my online
relationships.
My relationships online are more important to me than many of my face-to-face relationships.
I am happier being online than I am offline.

175

APPENDIX G
Task Episode 1 Manipulation Clues & Answers
Table G1: High Resource Interdependence Manipulation for Task Episode 1.
Clue

Team member

The body of the murder victim was found at 2:00PM

A

The murderer was a woman

A

The murderer was not a friend of Mr. Green

A

Mr. McAdoo was at the school yard between 12PM and 3PM

A

The murder weapon was not a gun or a knife

A

Ms. Kuo was not friends with the murderer

A

The victim was a man

B

Mr. Green was at the beach between 11AM and 2PM

B

The murder took place at either 1PM or 3PM

B

Dr. Fredrick, Mr. Kramer, Mr. Stray, Ms. Gregorson, Ms. Klein, Ms.
Stern, and Ms. Riley were at the train tracks at some point on the day
of the murder

B

The crossbow was broken and could not been used

B

The victim was a friend of Mr. Fried

B

The body of the victim was moved from the train tracks to the lake
house from 1:30-2:00PM

C

Mr. Fried is friends with Mr. Green, Dr. Fredrick, Mr. McAdoo, Ms.
Kuo, Ms. Citron, and Ms. Klein

C

Ms. Klein was at the apartment between 9AM and 4PM

C

A gun, knife, chainsaw, and crossbow were found at the murder scene

C

Ms. Kuo was friends with Ms. Klein and Ms. Riley

C

Ms. Kuo was at the playground between 4PM and 5PM

C
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Table G2: Low Resource Interdependence Manipulation for Task Episode 1
Clue

Team member

The body of the murder victim was found at 2:00PM

A, B, & C

The murderer was a woman

A, B, & C

The murderer was not a friend of Mr. Green

A, B, & C

Mr. McAdoo was at the school yard between 12PM and 3PM

A, B, & C

The murder weapon was not a gun or a knife

A, B, & C

Ms. Kuo was not friends with the murderer

A, B, & C

The victim was a man

A, B, & C

Mr. Green was at the beach between 11AM and 2PM

A, B, & C

The murder took place at either 1PM or 3PM

A, B, & C

Mr. Kramer, Mr. Stray, Ms. Gregorson, Ms. Klein, Ms. Stern, and Ms.
Riley were the only ones at the train tracks between 10AM and 2PM

A, B, & C

The crossbow was broken and could not be used

A, B, & C

The victim was a friend of Mr. Fried

A, B, & C

The body of the victim was moved from the train tracks to the lake
house from 1:30-2:00PM

A, B, & C

Mr. Fried is friends with Mr. Green, Dr. Fredrick, Mr. McAdoo, Ms.
Kuo, Ms. Citron, and Ms. Klein

A, B, & C

Ms. Klein was at the apartment between 9AM and 4PM

A, B, & C

A gun, knife, chainsaw, and crossbow were found at the murder scene

A, B, & C

Ms. Kuo was friends with Ms. Klein and Ms. Riley

A, B, & C

Ms. Kuo was at the playground between 4PM and 5PM

A, B, & C
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Table: G3 Answer Key for Task Episode 1
Question

Answer

Who is the victim?

Dr. Fredrick

Who is the killer?

Ms. Stern

Where did the murder take place?

The train tracks

Where was the body found?

The lake house

When did the murder take place?

1:00PM

What is the murder weapon?

The chainsaw

Task Episode 2 Manipulation Clues & Answers
Table G4: High Resource Interdependence Manipulation for Task Episode 2.
CLUE

Sent to Participant #

1

Mr. Jones was with Mr. Kittle and Mrs. Tiffler at the gym at
1pm

1

2

The knife, sledgehammer, scissors, and razor blade were
accounted for at the time of the murder
Mr. McDonald, Mrs. Bryant, and Mr. Jones were at the office
at 10am
The victim was found dead at 9am

1

1

7

The victim was either Mrs. Bryant, Mr. Davidson, Mrs.
Penner, Dr. Brink, or Mr. Goff
The victim was murdered in either the playground, pool, car,
kitchen, or living room
Mrs. Penner arrived at the office at 3pm

8

There were no visible external wounds on the victim

2

9

The victim was a woman

2

10

The murderer was either Mr. Jones, Mr. Goff, Dr. Brink, Mr.
Kittle, or Mr. McDonald

2

3
4
5
6
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1
1

1
2

11

Everyone was together at the playground at 9am

2

12

The murderer was seen leaving the pool a little after 8am

2

13

Mr. Goff was with Mr. Davidson at 7am

3

14

Mr. Jones and Dr. Brink arrived at the pool shortly before 8am

3

15

The murderer was seen at the gym at 1:15pm

3

16

The murderer exercises with Mrs. Tiffler

3

17

When the victim was found (he or she) had been dead for 1
hour
The victim was either killed with the rifle, stone, or the poison

3

18

3

Table G5: Low Resource Interdependence Manipulation for Task Episode 2
Sent to Participant
#

CLUE
1

Mr. Jones was with Mr. Kittle and Mrs. Tiffler at the gym at 1pm

1, 2, & 3

2

The knife, sledgehammer, scissors, and razor blade were
accounted for at the time of the murder
Mr. McDonald, Mrs. Bryant, and Mr. Jones were at the office at
10am
The victim was found dead at 9am

1, 2, & 3

1, 2, & 3

7

The victim was either Mrs. Bryant, Mr. Davidson, Mrs. Penner,
Dr. Brink, or Mr. Goff
The victim was murdered in either the playground, pool, car,
kitchen, or living room
Mrs. Penner arrived at the office at 3pm

8

There were no visible external wounds on the victim

1, 2, & 3

9

The victim was a woman

1, 2, & 3

3
4
5
6
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1, 2, & 3
1, 2, & 3

1, 2, & 3
1, 2, & 3

1, 2, & 3

11

The murderer was either Mr. Jones, Mr. Goff, Dr. Brink, Mr.
Kittle, or Mr. McDonald
Everyone was together at the playground at 9am

12

The murderer was seen leaving the pool a little after 8am

1, 2, & 3

13

Mr. Goff was with Mr. Davidson at 7am

1, 2, & 3

14

Mr. Jones and Dr. Brink arrived at the pool shortly before 8am

1, 2, & 3

15

The murderer was seen at the gym at 1:15pm

1, 2, & 3

16

The murderer exercises with Mrs. Tiffler

1, 2, & 3

17

When the victim was found (he or she) had been dead for 1 hour

1, 2, & 3

18

The victim was either killed with the rifle, stone, or the poison

1, 2, & 3

10

Table G6: Answer Key for Task Episode 2
Question

Answer

Who is the victim?

Dr. Brink

Who is the killer?

Mr. Jones

Where did the murder take place?

The pool

Where was the body found?

The playground

When did the murder take place?

8am

What is the murder weapon?

The poison
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1, 2, & 3

Task Episode 3 Manipulation Clues & Answers
Table G7: High Resource Interdependence Manipulation for Task Episode 3
Sent to Participant
#

CLUE
1

Mr. Schein is friends with Mrs. Brooke, Mr. Apple, Mrs. Jacklin,
Mr. Zoodap, and Mr. Bino

1

2

The victim died from a wound that could only have been caused
by a crossbar, pipe, or shovel
The murder took place in either the warehouse, postoffice, or
concert hall

1

4

The victim is a man

1

5

The body was found where the murderer was caught

1

6

Mr. Schein, Mr. Bino, Mrs. Bino, and Mrs. Lavender were all
seen at the warehouse at 5pm
Mr Drucker picked up Mr. Zoodap and Mr trout at the mall at
8pm

1

8

The murderer was caught two hours after the murder occurred

2

9

2

11

Mr. Trout is friends with Mrs. Brooke, Mr. Apple, Mr. Zoodap,
Mr. Bino, and Mrs. Lavender
Mrs. Lavender was seen with the crossbar in the mall at the time
of the murder
The murderer is either Mr. Apple, Mr. Zoodap, or Mr. Bino

12

The body was moved to a different location after the murder

2

13

The murderer was caught at the mall

3

14

The body was found in either the post office, concert hall, or
mall

3

15

The victim was a friend of both Mr trout and Mr Schein

3

16

The shovel was being used by Mr Zoodap at the time of the
murder

3

3

7

10
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1

2

2
2

17

The murderer was caught at 7pm

3

18

3
The murderer is a friend of Mr. Schein

Table G8: Low Resource Interdependence Manipulation for Task Episode 3
Sent to Participant
#

CLUE
1

Mr. Schein is friends with Mrs. Brooke, Mr. Apple, Mrs. Jacklin,
Mr. Zoodap, and Mr. Bino

1, 2, & 3

2

The victim died from a wound that could only have been caused
by a crossbar, pipe, or shovel
The murder took place in either the warehouse, postoffice, or
concert hall

1, 2, & 3

4

The victim is a man

1, 2, & 3

5

The body was found where the murderer was caught

1, 2, & 3

6

Mr. Schein, Mr. Bino, Mrs. Bino, and Mrs. Lavender were all
seen at the warehouse at 5pm
Mr Drucker picked up Mr. Zoodap and Mr trout at the mall at
8pm

1, 2, & 3

8

The murderer was caught two hours after the murder occurred

1, 2, & 3

9

1, 2, & 3

11

Mr. Trout is friends with Mrs. Brooke, Mr. Apple, Mr. Zoodap,
Mr. Bino, and Mrs. Lavender
Mrs. Lavender was seen with the crossbar in the mall at the time
of the murder
The murderer is either Mr. Apple, Mr. Zoodap, or Mr. Bino

12

The body was moved to a different location after the murder

1, 2, & 3

13

The murderer was caught at the mall

1, 2, & 3

3

7

10
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1, 2, & 3

1, 2, & 3

1, 2, & 3
1, 2, & 3

14

The body was found in either the post office, concert hall, or
mall

1, 2, & 3

15

The victim was a friend of both Mr trout and Mr Schein

1, 2, & 3

16

The shovel was being used by Mr Zoodap at the time of the
murder

1, 2, & 3

17

The murderer was caught at 7pm

1, 2, & 3

18

1, 2, & 3
The murderer is a friend of Mr. Schein

Table G9: Answer Key for Task Episode 3
Question

Answer

Who is the victim?

Mr. Apple

Who is the killer?

Mr. Bino

Where did the murder take place?

Warehouse

Where was the body found?

The Mall

When did the murder take place?

5pm

What is the murder weapon?

pipe
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APPENDIX H
Virtual Group Platform
Figure H1: Sign-in pages for computer and mobile phone
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Figure H2: A private channel was created for each group (i.e., ex: “group1”). Only those invited
to a particular channel were able to view and write messages in that channel.

Figure H3: Groups can be viewed on the left side of the primary platform screen. Both the
synchronous and asynchronous communication can take place in the chat box
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